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PREFACE. 



We begin in another column the publication of a 
short series of articles on **The Flexure of Beams,** 
which, for the first time in many years, breaks new 
ground. The analysis and presentation of this subject 
in treatises and text-books are almost stereotyped. No 
important contribution to the stock of knowledge of the 
subject has been made for many years, the chapter 
b^ing apparently closed, and this in spite of the fact 
that certain methods of action and of failure of beams 
are well known, though not recognized in any existing 
formula. The study of the failure of beams by the 
buckling of the compression side has been strangely 
neglected, and now that it has been taken up, it proves 
to be the central fact and key to the entire subject 
when looked at in the broadest sense. 

The analogy of the failure of the compression side of 
a beam by buckling to the method of failure of a long 
column was, of course, long ago remarked, but we 
believe there has been no previous attempt — certainly 
no successful attempt — to connect the two by a formula. 
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Mr. Guy's experiments have been successful beyond any 
reasonable expectation in connecting them and in show- 
ing that Euler*s formula for long columns is, in fact, the 
fundamental formula which lies at the base of the whole 
subject. 

We believe there is not in any existing text-book <\ 
formula by which the strength of a long beam unsup- 
ported sideways may be determined. Mr. Guy dis- 
closes the laws of failure in this manner for the first time, 
and they are in consequence entitled to be called, as we 
shall hereafter call them, Guy's laws. The disclosure 
of such laws alone would be a notable achievement, but 
when to this is added the connection through definite 
formulas of long beams and columns, including inclined 
beams acted upon by vertical forces, the accomplishment 
is nothing less than brilliant. 

Mr. Guy's articles are a distinct and notable addition 
to the science of engineering, and we consider that to 

be the means of their publication is a rare privilege. 

 

•'AMERICAN MACHINIST.'* 
Editorial of December 12, igoi. 
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EXPERIMENTS ON 



THE FLEXURE OF BEAMS. 



INTRODUCTION. 



THE aim of the engineer is to build strongly and 
ecx)nomically — in other words, to obtain a max- 
imum effect with a given amount of material. 

When the design of a machine is outlined, the various 
mechanisms being shown in place, the most important 
thing to do is to determine accurately the positions, 
directions and intensities of the forces applied to and 
developed by the machine. This done, the necessary 
sizes of the different parts are calculated according to 
the rules established by the science of the Resistance of 
Materials, and finally, feeling confident that his work 
will be strong enough within the limits just found, the 
designer judiciously modifies the shapes of the parts, in 
order to please his taste and to insure a neat appearance 
to the finished machine. 

But when he began to materialize his conception he 
met a great difficulty: those rules apply only to well- 
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defined cases ; and even then, notwithstanding scientific 
researches and numberless experiments, many of the for- 
mulas deduced therefrom and offered in our text-books 
are difficult to apply, because of their indeterminate 
form. Often the designer has recourse to his experience, 
which undoubtedly serves him well when the case at 
hand has some similarity with those he has treated be- 
fore, but which, at times, leaves him helpless before 
some unraveled combination of molecular forces. To 
loosen this new Gordian knot two instruments can be 
used — one, the mathematical analysis, and the other 
carefully conducted experiments. The first of these is 
beyond the reach of the majority of engineers, but in 
order to be producive of successful results it must be 
corroborated by the second. To conduct experiments 
is a most delicate task, which before being undertaken 
requires much thought. Just as the analysis has a basis 
which is the study of the deformations of a molecule of 
matter caused by the various forces at play thereon, in 
the same way the objective basis of the experiments is 
the underlying principle, simple or complex, governing 
the case. The saying that every rule has its exceptions 
applies here; as with grammar, we must study first the 
one and then the others. The principle, once discovered, 
becomes a pole whence radiate an infinity of combina- 
tions. It is clear that, knowing their origin, the latter 
can readily be investigated. In practice the combina- 
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tions are most generally met with, and the principle very 
rarely. This explains why many experimenters, mis- 
taking the exception for the rule, have vainly tried to 
establish formulas generalizing the results of their inves- 
tigations. 

Therefore, since the science of the Resistance of Ma- 
terials is primarily one of observation, it can be greatly 
furthered by the individual efforts of all those who have 
the rare opportunity to make careful and extensive tests. 
With this object in view, after many unsuccessful at- 
tempts to solve analytically a familiar question in flexure, 
yet convinced of the possibility of an exact solution and 
desirous of acquiring reliable experience, the writer 
undertook several series of experiments, the first of 
which is exposed in the following. He was thus fortu- 
nate in discovering some laws which had escaped investi- 
gation and which will be found of the greatest utility. 

Posing as a problem the simplest case of flexure of a 
solid, a case of everyday occurrence to the designer, it 
will be shown, first, that the ordinary formulas are insuf- 
ficient to solve it ; then, the new laws being explained 
and applied, a complete solution will be obtained. 
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A SIMPLE PROBLEM. 

// is reqtiired to design a beam having a minimum 
volume and which, firmly held at one end, must sustain at 
the other a load P acting perpendicularly to the length L. 

To solve this problem it is necessary to know: 

I — The kind of material composing the beam; 

2 — The modulus of elasticity of the material ; 

3 — Its limits of elasticity ; 

4 — The factors of safety, or ratios between the limits 
of elasticity and the longitudinal tension or compression 
which the fibers most remote from the neutral axis will 
be allowed to bear. 

Any section distant a length x from the loaded end of 
the beam must resist a bending moment P x and a shear- 
ing force P ; but as the latter is not very considerable, 
compared with the former, it is customary, in practice, 
to neglect it in the calculations, and provide for it only 
at the point of application of the load. 

Since the beam must sustain the load, the ultimate 
strength of the material is not a factor in the question, 
and the allowable stress per unit of area must be well 
within the limits of elasticity. 
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In accordance with the common theory of flexure the 
following assumptions are made : 

I — The allowable tensile and compressive stresses o£ 
the material are equal and termed // 

2 — The stresses in any secti9n of the beam are directly 
proportional to their distance from the neutral axis. 

The equation expressing the relation between the 
exterior forces acting on the beam and the molecular 
forces developed by the former in a given section of the 
beam is: 

^-=/- (X) 

— is termed the moment of resistance of a section 
a 

having a moment of inertia // and a is the distance 

from the neutral axis to the most strained fiber in the 

section. 

When / is made constant in all the sections the beam 
is a solid of uniform resistance, and if each section has a 
minimum area the beam has a minimum volume. 

Of the plain sections, the most employed are the cir- 
cular, the square, and the rectangular. If the first or 
second is chosen the problem is partially solved, because 
the expression of the moment of resistance contains then 
only one unknown quantity, which can easily be found 
by assigning to .r a numerical value. But the rectangular 
form is very much more economical than the other two, 
since, in varying one of its dimensions, the area can 
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become very small and at the limit be zero. Effectively, 
for a rectangle the moments of inertia and of resistance 
are respectively : 



/ = 



12 a 



in which expressions b is the base and A, parallel to the 
direction of the load, is the hight of the section. 

Replacing in equation (i) — by its value as above 

a 

we have : 

bh^ 



Fxz^f 



6 
For a chosen value of or, 

bh =-y-, (2) 

and it remains to find the ratio of ^ to A which will make 
the area A =b h 2i minimum. 

The expression (2) is indeterminate since the factors 
b and h are both unknown. In practice a value is 
assumed for one, and the other is thereby determined ; 
but knowing that the greater the side h the smaller is 
the area, the designer is much embarrassed, for, if the 

ratio -p is small, the area of the section is considerable, 
b 

and if the ratio is large the beam may be so thin 

that it will warp laterally and be thus unable to sustain 

the load. 



FLEXURE OF BEAMS. 13 

At this point a search for help through the text- 
books results in bringing out for consideration : 

(i) The transverse shearing, which we have neglected 
at first ; 

(2) The longitudinal shearing ; 

(3) The deflection of the beam. 



THE TRANSVERSE SHEARING. 

In this case any section must be large enough to resist 
the shearing force P ; hence, if/, is the allowable shear- 
ing stress, we must have: 

j-^=bh (3) 

This equation insures strength enough at the loaded 
end of the beam, but evidently does not provide against 
lateral warping. Should this area (3) be adopted equa- 
tions (2) and (3) combined give : 

(iPx P 



bh = 



fh /. 



and h = — ^ x 
Generally, 

/.= — /, whence h = -x = 4.8^. 

5 5 
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We have thus the ridiculous result that the hight of 
the section at the danger point must be nearly five times 
greater than the leverage of the bending force. It is 
evident that equation (3) cannot help in solving the 
problem. However, it must be admitted that the method 
followed here, although employed by some authorities, 
is not very correct, for, really, the expressions (2) and (3) 
instead of being equated should be combined. 



THE LONGITUDINAL SHEARING. 

The longitudinal shearing force is that which tends to 
destroy the adhesion of the laminae of which the beam 
is assumed to be formed. 

Mr. Jouravski was the first who took into considera- 
tion a longitudinal shearing force, maximum in the neu- 
tral plane of the beam. (See *' Annales des Fonts et 
Chaussees, 1856). 

Professor Reuleaux treats this subject in his ** Con- 
structor" as follows: ** Since in a deflected beam there 
is on the tension side a continual tension, on the com- 
pression side a continual compression of the fibers, it 
follows that the neutral plane is subjected to a shear- 
ing action and this must not be neglected in determining 
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the width of the beam. The lowest limit permissible 
is indeed a matter not likely to be reached, but the 
same time it should be investigated. . . ." 

This does not agree well with the previous paragraph, 
No. 6, in which the same author says: **. . . The 
neutral axis may be considered as a sort of equator of 
each section, since it passes through its center of gravity 
at right angle to the plane in which the bending takes 
place. It thus divides the sections into two portions, in 
one of which all the fibers which are parallel to the axis 
of the prism are subjected to a tension proportional to 
their distance from the neutral axis [the tension side of 
the section], while in the other portion the correspond- 
ing fibers are subjected to compression in a like propor- 
tion [the compression side of the section]. // follows 
that fibers which are at equal distances from the neutral 
axis will be deformed to the same extent. 

Let us now consider the beam represented in Fig. i . 
The neutral axis x x^ passes through the center of grav- 
ity O of 3, section at A B, The bending force P acts 
perpendicularly to the length Z. The part A O \% xn 
tension and OB in compression. After the load was 
applied the points A and B occupied the positions A^ 
and B^ respectively. [The distances A A^ and BB^ are 
of course greatly exaggerated in the figure, for the sake 
of demonstration.] A portion bb^ of a layer of fibers 
situated at a distance a from B represents the amount by 
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which the compression shortened the layer bb^ propor- 
tionally to its distance from the neutral axis. The dis- 




placement of point B is B^c + Be [line b^c being parallel 
to A ^]. Then B^c represents the amount of sliding of 
the layer B B^ over its neighbor bb.^. Two other points 
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n and ;;/ such that no = vto =' — occupy now the posi- 
tions «j and ;;/j respectively* The Hnes n n^ and nt m^ 
are parallel, and the former represents the extension of 
the layer n n^, or the amount of sliding of that layer over 
the neutral plane, which is assumed to be invariable, 
while the other is the amount of sliding of the com- 
pressed layer m m^ over the same plane. Consequently 
the relative sliding of one layer over the other is 
// //j + m m^ But angle AOA^--BOB^ since tensions 
and compressions are proportional to their distances from 
the neutral axis, hence n n^ -- mm^ and nn^-\- inm(=ByC, 
In other words, the longitudinal sliding or shearing and 
consequently the resistance to it are the same for all the 
layers of fibers, independently of their distances from 
the neutral axis, and are proportional to the leverage of 
the bending force P. 

Mr. Jouravski remarked that if two equal rectangular 
prisms of length Z, horizontal and fixed at the same end, 
are simply superposed, they will support together at 
their free end a weight P, which is only one-half of that 
which they could carry if prevented from sliding over 
one another, or if they had been cast together. This is 
expressed by the following equations: 

For a solid prism, 
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For two superposed prisms, 

- =/^  ' (4)" 

b is the width common to these beams, h is the sum of 

hights of the small beams and the hight of the solid 
prism. 

Hence F^ — 2P, 

Instead of two beams having a total hight = h, suppose 
we have a number n of them, the hight of each prism 

will be — and the load supported by the sum of the 
n 

superposed beams will be : 

b f h\* 



^•=fiiA^) 



Consequently P^=^n P^, 

It is thus shown that the resistance to longitudinal 
shearing of the layers of fibers is proportional to the 
number of these layers, but not to their respective posi- 
tions, as Mr. Jouravski stated. 

We may also remark that, if the superposed prisms 
were fixed at both ends, the sliding would not take 
place as in the case just analyzed, and the system would 
behave as a solid of the same total rectangular section. 

In the foregoing we have assumed that the bending 
was not great enough to cause the rupture of the beam, 
consequently it is quite admissible to conceive any trans- 
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verse section, plancy as well before as during the appli- 
cation of the load. But when permanent deformation 
preceding rupture is likely to occur, the sections do not 
remain plane, and equation (i) is then insufficient to 
express the relation between the exterior and the mole- 
cular forces. Mr. de Saint Venant in his Memoir on 
Flexure (1856) has conclusively proven that the shearing 
stresses, transversal and longitudinal, combine, in such 
a case, with the tensive and compressive stresses, the 
result being that any section originally plane becomes 
distorted in the form of a double curve, each half of 
which is a parabola of the third degree. 

The safe resistance to the longitudinal shearing is : 

as given by Jouravski, Belanger, Bresse, Reuleaux, etc. -^.s^ ^ - 



Professor Reuleaux makes y, = — ./. If equations (i) 

and (4) are combined and this value of f^ is introduced 
therein, we have; 

whence h = — ;ir = 3.2;i:, quite a useless value for our 

problem. 

Mr. L. Vigreux [Resistance des Materiaux] says: 
*'If the material composing the beam is close-grained 



6:- 
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fi=f\ but if of a fibrous texture, like wood, the value 
of fi is different from /. No experiments have been 
made in order to determine the value of /J, and for the 

present zue must solve the equations by choosing for — the 

value adopted in practice. 

Therefrom we conclude that in practice the ordinary 
longitudinal shearing cannot be employed as a factor in 
the calculations, and that it may become dangerous only 
because of the bad choice of the point of application of 
the load, or on account of the defective manner in which 
the beam is fixed. 



THE DEFLECTION OF THE BEAM. 

This is indeed a most valuable auxiliary. It should 
be remarked, however, that the problem as stated con- 
tains no reference to it, and is thus in conformity with 
the majority of questions on strength of materials. In 
practice the deflection is not considered as much as it 
should be, and, while in many cases it deserves the first 
place in the calculations, it is too often neglected ; atten- 
tion being paid only to the strength of the parts. In 
machine tools, for instance, strength is secondary to 
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rigidity ; but it is hardly necessary to state that, when 
rigidity is obtained in a solid, strength is generally ample 
and the factor of safety satisfactory. 

The vibrations which are so objectionable in machine 
work should be minimized by making the parts \^xy 
rigid — that is, by reducing as much as possible their 
deflection. It seems, then, that the general adoption cf 
standards of rigidity would prove very beneficial. 

When we consider the allowable stress f in bending 
we give it a value depending on the conditions under 
which the load is applied, viz., dead load, moving load, 
load causing alternative stresses of tension and compres- 
sion, etc. Similarly, the deflection could be made a 
fraction of the length of the beam and given a value 
corresponding to the degree of rigidity required. Thus 
for general work, Weisbach ('* Theoretical Mechanics," 
8th edition, page 470) advocates making the deflection : 

d = . L z=. n L 

500 

L = length of beam in inches for d in inches. 

It is only necessary to agree upon a few practical 
values of the quantity n to establish standards which, 
like the values of /, will not be binding but will simply 
indicate the limits suitable to certain conditions of work. 

The deflection formula applicable to our problem is : 
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where 

E = modulus of elasticity of the material ; 
/ = moment of inertia of the section resisting the great- 
est bending moment PL ; 
m = co-efficient depending upon the shape of the beam. 
By comparing equations (i) and (5) we remark that 
they have some common factors: 

(i) . . . Fx or FL = f— 

(5) . . . ^ = 



m ' ^EL 
By combining both we obtain : 

<^=- • ^ • — (6) 

m ^F a ^  

At last here is something tangible! Knowing from 
the nature of the work expected the desired amount of 
rigidity of the parts, we may express ^ as a function of 
the length, and since a for a rectangular section is equal 



to — , we 
2 


have 


• 
• 










d = 


n L 


I 
m 


whence : 














A = 


2 

• 


I 
m 



f 

ZP 




f 


L 



n 



(7) 



Thus the hight of the section is comparatively deter- 
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mined, for all the factors are known quantities. The 
co-efficient in is somewhat embarrassing to determine ; 
it varies, as previously stated, according to the shape of 
the beam. If the beam is of rectangular section through- 
out its length, m = i. When the hight h of the beam 
remains constant throughout the length the width b 
tapers gradually and becomes zero (theoretically) at the 
loaded end, and m = f . If the width 6 remains constant 
throughout, the length k diminishes to zero at the loaded 
end, and the longitudinal elevation of the beam is a sur- 
face limited by two parabolas or by a straight line and a 
parabola; then m = ^. In these two last cases the beam 
is of uniform strength. 

It is understood, of course, that this co-efficient can be 
determined for any solid by solving the general equa- 
tion- 



dx' 



= E/, 



which is given in text-books. But usually the beam is 
sketched roughly on the design so that an approximate 
value can be assumed for m. In beams of uniform 
strength when rigidity is required this value is rather 
nearer f than i. 

If the chosen section is rectangular, we have gone now 
as far towards solving the problem as the known formulas 
permit. It is true that judgment must be exercised in 
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choosing a value for ;//, but the limits of variation of this 
factor are known and the task is easy for an experienced 
man. The hight // once found, b is thereby determincxi 
for the maximum section at point of support and, a con- 
venient number of sections being calculated at different 
points of the length, the shape of the beam is delineated. 
If the degree of rigidity required is very great and the 
beam very long, the hight may be so great that the 
beam, if designed according to formula (i), will be very 
thin and consequently apt to bend or warp laterally. 
Therefore another form of section must be adopted which 
will insure rigidity and stability as well as economy of 
material. 

When the material composing the beam is isotropic 
the most economical is the box or I section. We can 
find the required hight of the maximum section by using 
formula (7), but what must be the width b, the thickness 
of the top and bottom flanges and of the web ? And 
these questions once settled through *' judgment,'* how 
can the shape of the beam be delineated without employ- 
ing the tedious process of calculating a great number of 
sections at points along the length of the solid ? 

When so much trouble is encountered in dealing with 
the simplest case, it seems impossible to delineate satis- 
factorily the irregular forms of sections. We have now 
examined the most important points advanced by the 
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'* Theory'' and we have found that the consideration of 
the deflection of the beam is the only matter which has 
helped toward the solution of the problem ; but our task 
is far from being completed and we are left in the midst 
of such difficulties that we can realize, at present, that 
many practical men have some excuse for sneering at 
such an incomplete ** theory" and prefer to solve the 
question by *'cut and try" methods. The* timely 
arrival of our experimental data brings the proper light 
into the subject, establishes the Theory of the Flexure 
of Materials upon a firmer basis and helps to make it 
a science. 



EXPERIMENTS. 

A beam subjected to bending is divided into two dis- 
tinct parts by an imaginary neutral plane passing along 
the longitudinal axis of the beam. Each part is sub- 
jected to stresses which vary directly, in any transverse 
section, as the normal distance from the neutral plane to 
any point of the section. Both maxima stresses are 
consequently located at the points farthest from the 
neutral plane. 

The resistance of a solid to tensile stress is directly 
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proportional to the area of its section, but is independent 
of the form of this section. 

Generally the resistance to compression is considered 
in two ways : 

1 . When the length of a solid is less than a certain 
multiple of the least dimension of its transverse section 
it is common in practice to admit that the resistance is 
directly proportional to the area of the section ; 

2. When the length is greater than the said multiple 
the solid tends to give way by buckling. 

Since the length of a beam subjected to bending is 
usually very great as compared with its width of section, 
and as in extreme cases it has been observed that thin 
beams gave way by buckling or warping laterally in the 
compression part, it seems that this latter should not 
only be given the necessary area to resist the compres- 
sion, but should also be provided against buckling. In 
fact, the whole beam is something like the combination 
of one rod and one column. Why not treat the rod for 
tension and the column for buckling ? This interpreta- 
tion once admitted numerous facts gathered from records 
of experiments on bending came forth to strengthen it. 
We see, for instance, in Navier's Work on ** Resistance 
of Solids" (revised by de Saint Venant, page 113, Vol. I) 
that Mr. Ferdinand Zores made, in 1850, some experi- 
ments upon rolled beams. Mr. Zores remarked that 
symmetrical I-beams supported at the ends and loaded 
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at the middle always gave way by the buckling of the 
compression part, while the tension part was not altered. 
The beams were afterwards made with a reinforced Com- 
pression part, with a view to remedy this defect ; their 
resistance was somewhat increased, but they buckled the 
same as before. It was then remarked that the lateral 
bending was very similar to that of columns loaded on 
ends. General Morin also cites some similar cases in his 
** Resistance des Materiaux.*' 

Mr. de Saint Venant almost pointed out the right 
solution of the question by stating (page 139 of Navier*s 
work) that the resistance of a beam to buckling depends 

upon the ratio -j of the two principal moments of iner- 
tia of its section. But his subsequent analysis is incom- 
plete because he considers only the section of the beam 
and does not take the length into account. 

It remains to prove the correctness of the interpreta- 
tion just advanced. As it will be seen presently, the 
experiments undertaken prove it very clearly. 

Of all materials available for making tests, wood pos- 
sesses so many good qualities that it is usually preferred 
to any other. Thus, I employed in my experiments 
strips of white pine carefully selected and free of imper- 
fections. The modulus of elasticity of each was ascer- 
tained by the ordinary method : a strip of rectangular 
section being placed horizontally upon two supports 
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and loaded at the middle with a known weight, the 
deflection or vertical displacement of the center of the 
strip due to the load was measured, and, all the symbols 
being known, the symbols were replaced by their values 
in the general formula, which was then solved for E, the 
modulus of elasticity. For a beam of constant section 
throughout supported at the ends and bearing a uniformly 
distributed load P^ and a single load P at center the 
deflection is: 

This deflection is composed of that d^ due to the uni- 
formly distributed load P^, which is here equal to the 
weight of the beam, plus that d^ due to the single load 
P, The formula can be written thus : 



48^5:/ 48^/ 

The deflection d^ itself need not be measured, but if 
^2 is ascertained we have : 



whence E = 



48^/ 
PU 



A^dJ 



I is the moment of inertia of the section of the beam 
referred to an axis passing through the center of gravity 
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of the section and perpendicular to the direction of 
the load. 

The plan adopted for tests was as follows: A beam 
of rectangular section of base = b and hight = // was 
placed horizontally upon supports and loaded at center. 
In every case h was several times larger than b. The 
load was slowly increased until the beam suddenly bent or 
warped laterally ^ and becoming unstable ivould have fallen 
from its supports — had not preventive means been pro- 
vided — but without breaking at any place. This test was 
repeated twice more and the maximum load recorded. 
The distance between supports being shortened by one 
inch on each side of the center (totally by 2 inches) a new 
maximum load was recorded, and so on until the strip 
gave way by breaking across at the point of application of 
the load (where the bending moment was greatest). This 
gave the variation of the load corresponding to that of 
the length. Then another strip was tested, it having 
the same hight h as the preceding one, but a different 
thickness b. This strip was treated in the same manner 
as the first one, and, the results being compared, the law 
governing the variation of the load for different thick- 
nesses was found. Finally, a strip of the same thickness 
b as the first, but having a different hight h, was tested 
similarly to the others. The results again compared 
with the previous ones, gave the law governing the 
variations of the load for different hights. 
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The results observed in the first three tests were 
repeated with a remarkable constancy in all the others in 
such a manner that, for a number of tests, the loads 
were calculated in advance, and the subsequent experi- 
ments proved the correctness of the provisions. The 
laws found are: 

1 . The load is inversely proportional to the square of the 

length L between supports. Thus, if P and /\ are the 

different loads applied at the center of one beam, the 

distances between supports being respectively L and Zj, 

we have : 

P L ^ 

2 . The load is directly proportional to the cube of the 
thickness b df the beam. Thus two beams of the same 
length L between supports and of the same hight hy but 
of different thicknesses b and b^ will bend laterally or 
warp under the respective loads P and /\, and we have : 



p. b 



1 



3 . The load is directly proportional to the hight h of the 

beam. Two beams of same thickness b and same length 

L between supports but having different hights h and h^ 

will warp under the respective loads P and Pj, and we 

have : 

P h 
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The three laws combined into one are represented by 
the equation : 

If we multiply and divide the second member of the 
equation by 12, its value is not altered and it may be 
written : 



\ = Gt-^  A-) (4f • j) (-3) 



But is the moment of inertia of a section referred 

12 

to an axis parallel to the hight h and passing through 

the center of gravity of the section. The same remark 



applies to 



-! — J, therefore: 

12 




P Z,' 


I 


P~ I. 


• D 



('4) 



Which shows that the load is directly proportional to 
the least moment of inertia of the section and inversely 
proportional to the square of the length between sup- 
ports. For two beams of uniform sections bh and b.h^ 
we have also : 

PV _ I^ 
P L^'^ I 

and for one beam subjected to different loads P and /*, 
at the respective distances L and L^ 
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FD I 






whence 



F L"" I 



F D —F^ L^ = constant. 



Consequently, if for a certain length L it is found 
that a load P causes the beam to give way laterally, the 
expression just established permits to determine in ad- 
vance the deflecting load P^ corresponding to any length 

A» or P^ = -—p. 

This deduction has been fully confirmed by the 
experiments. A cursory analysis brings out the very 
important fact that, for any given length, there is a cor- 
responding load which causes the lateral bending. When 
L is infinitely great (neglecting, of course, the weight of 
the beam) P is infinitely small, and vice versa ; but the 
product P D is always a constant, and that, irrespective 
of the moment of inertia of the section or of the shape 
of this latter. 

Numerous tests of wooden beams of I or T sections 
have been made by the author, and they proved beyond 
a doubt the truth of the new laws. 

It is, of course, impossible to prove the expression 
P D = constant when L is very small, because P becomes 
so great that the beam would be crushed at the points 
of application of the load or of support, and the real 
object of the experiment could not be attained. 
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There is also a certain value of P corresponding to 

PL 
which the resulting bending moment just balances 

4 
> the moment of the molecular forces developed in the 

most strained section of the beam (at the point of appli- 
cation of the load). Then a very slight increase of the 
load would cause the beam to give way by breaking 
acro^ at a place situated at or very near the middle of 
the lengths between supports. From this it follows that 
when a beam is loaded in such a manner that 

ry r __ JT ^ _ i^ ^^ = constant) 
L' L — 4/ — — J 

it is just as liable to buckle as to break across. 

In this equation / is the breaking strength of the 

material of the beam and — is the moment of resistance 

a 

of the transverse section. 

When the beam starts to buckle it assumes at once 
a characteristic shape which is accentuated as the load is 
gradually increased. The well-known parabolic curve 
due to the bending lies in a vertical plane, while that 
due to buckling, as viewed from above is S-shaped, as 
represented in Fig. 2. This peculiar form is very mis- 
leading, and the author, noticing it in many of his 
experiments, came to the conclusion that it was a double 
curve, and he was at a loss to explain its non-appearance 
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as such when the length of the beam between supports 
was very small. However, after very careful trials, it 
was found that in short beams requiring a heavy load to 
cause the buckling, tlie rigidity was very great and the 
lateral curve assumed was like an arc of circle, whereas 
in long beams, easily buckled, the rigidity was very 
small and the arc-like curve assumed at the beginning of 
the buckling was quickly distorted into the shape shown 
in Fig. 2, as the load increased appreciably Moreover, 
with beams of I and T sections, the S curve was more 
difficult to obtain owing to the greater rigidity. 



TOP VIEW, 




FIG. 2. FAILURE OF A BEAM BY BUCKLING. 

The contraflexure at the center of the beam is caused 
principally, as will be seen later, by the guiding due to 
the suspension strips fastened to the beam and through 
which the load is transmitted. Thus, when this double 
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curve manifests itself, it is still possible to increase the 
load by about one-half before the elastic equilibrium of 
the beam is destroyed, because the new shape of the 
beam increases its static equilibrium. This explains why 
the recorded loads for the plain rectangular sectioned 
beams are so much in excess, relatively, of those applied 
on the I beams. (The exact manner in which all the 
experiments were conducted will be fully explained 
later.) 




FIG. 3. FAILURE OF AN OVERHUNG BEAM. 

In another series of experiments in which a bar was 
supported horizontally at two points equally distant 
from the ends, and equal weights were applied at the 
ends, it gave way also by buckling, but the resultant 
curve, lying horizontally, was in the form of an arc of 
circle, as shown in Fig. 3. Here we have a single curve 
when the ends of the beam are free to move under the 



\ 



36 



FLEXURE OF BEAMS, 



action of the load, while in the first case the ends were 
held on the supports by the friction due to the load. 
The deformations of the beam, as stated above, as well 
as the consideration of formula (14) modified as follows: 



_ / _ constant X / 

~v "■ 1} * 



(15) 



where K =^ 



P L^ 



L 



, point to a similarity of effects between 



those produced in a beam by direct bending and those 
due to an axial thrust causing lateral bending (case of a 




FIG. 4. FAILURE OF STRUTS, 



column loaded on end). This lateral bending distorts a 
strut differently according to the manner in which the 
strut is supported. For instance, if a solid is fixed at 
one end and loaded axially at the other, the resulting 
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curve has half a bend, while that which results when the 
solid is only supported instead of fixed at one end has. 
one. In Fig. 4 are represented struts supported or held 
in various manners, and if the curve assumed at B is 
taken as a standard of comparison we see that at A the 
curve has -J bend, at C the curve has i-J bends, and at 
D the curve has 2 bends. 

These curves analyzed by Euler are said to be sinus- 
soidal arcs, though it can be proved that they are only 
approximately such ; their theory is exposed in advanced 
treatises on Applied Mechanics. Professor W. C. Unwin 
treats of the compression of long bars in a clear and con- 
cise manner in his ** Elements of Machine Design," 
Vol. I, section 38, from which the author begs to quote 
the following: ** . . . If, however, the bar is of great 
length it gives way ultimately under the action of a 
thrust by lateral bending ; the stress at the section where 
the fracture occurs being a compound stress, due both 
to the longitudinal pressure and the curvature of the 
bar. Rules for the ultimate resistance of long bars to 
compression were first obtained theoretically by Euler 
and experimentally by Professor Hodgkinson. Hodg- 
kinson's formulas have been generally used in this coun- 
try (England) in designing compression bars. These 
rules are inconvenient in form, and they can only be 
extended to many cases of common occurrence by theo- 
retical assumptions, which are only approximately true. 
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An expression more convenient in form than Hodgkin- 
son*s was proposed by Tredgold, revised by Gordon, 
and afterwards modified by Rankine, so as to be appli- 
cable to bars of all forms of section. The reasoning on 
which this rule is based is, however, not satisfactory. 
All these rules are intended to give the ultimate strength 
of the bars, and in applying them it is necessary to divide 
the resistance thus calculated by an arbitrary factor of 
safety. Actual compression bars are not intended to 
be loaded beyond their elastic limit, and hence it may 
be urged, with reason, that the theoretical formulas of 
Ruler ^ which Hodgkinson discarded as not agreeing zuith 
his experiments on ultimate strength, are more strictly 
applicable to the circumstances in which long compression 
bars are used than Hodgkinson s rules. They are simpler 
and include all cases. Euler's rules assume the bar to 
be initially straight and homogeneous, the load axial and 
the elasticity to be unimpaired with the greatest load. 
In that case no increase of the load would directly cause 
bending, but a point is reached at which the equilibrium 
of the bar becomes unstable. With less loads the bar, 
if slightly bent temporarily, will restore itself to straight- 
ness. With greater loads, if any flexure is produced, 
however slight, the bar will not restore itself to straight- 
ness, but the bending will increase under the action of 
the load till the bar breaks ** 
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The general formula due to Euler, 

A = ^^4^. (16) 

shows that when a straight bar of length L^ supported 
or held at one end is loaded axially at the other, its 
equilibrium becomes unstable when the value of the 
load P^ is equal to a constant factor {^^ E) multiplied by 
least moment of inertia I^ of the section of the bar, and 
by the square of the number of bends in the curve 
assumed by the bar, and divided by the square of the 
length Lq. 

If for a bar of uniform section we vary the load P^ or 
the length L^ without changing the mode of application 
of the load, the quantity («^ ;r^ £) becomes a constant 
and we have the formula : 

_, constant X / , v 

A= J-. » (17) 

which is identical with our formula (15) found from the 
experiments on flexure. The constant may not be the 
same in both cases, since the curve produced by com- 
pression is a sinussoid situated in one plane, whereas 
that due to flexure is the combination of a cubic para- 
bola in the plane of flexure with what may be assumed 
to be a sinussoid in another plane normal to the former, 
the resultant being a curve in space. Moreover, we must 
bear in mind that the load is applied axially in one case 
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and transversally in the other. Consequently, the terms 
(f^ n^ may have to be modified by a co-efficient (^) whose 
nature we will endeavor to determine. 

At this stage, when only too ready to launch into 
purely mathematical analysis based upon the unexpect- 
edly successful results of a relatively small number of 
experiments, the writer was halted by the following con- 
sideration : Since the laws of the elastic equilibrium of 
a beam subjected to flexure have such a striking simi- 
larity to the theoretical laws of Euler governing the 
equilibrium of a long rod loaded axially, it would be 
logical to ascertain experimentally at once the degree of 
similarity of the laws. Consequently another series of 
tests was undertaken in which more care was exercised 
than in the previous one. Each specimen (a strip of 
rectangular section) was held at one end and carried at 
the other a gradually increased load. When the strip 
buckled, the load was recorded and removed ; then the 
length being augmented by one inch, a new load was 
applied until the strip buckled anew and so on. In all 
cases the load acted vertically while the specimen occu- 
pied successively the positions: 

1. Horizontal. 

2. Inclined at 30° with the horizon. 

3. Inclined at 45° with the horizon. 

4. Inclined at 60° with the horizon. 

5. Vertical, the load acting axially. 
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Fig. 5 represents the apparatus employed for testing 
the specimen in four positions. The strip is placed 
between two wooden plates A and By where it rests upon 
two pins C and C^. The axis of pin C is in the plane 
formed by the two outward ends of the boards, so that 
the length L of the specimen may be measured from the 
center of the pin to the center M of suspension of the 
load. The boards are firmly pressed together by means 
of the clamps D and E. Consequently the beam may 
be truly considered as being firmly held at one end and 
loaded at the other, A large pin F passes through the 
two boards and extending on each side rests upon the 
supports N and N^, The boards are cut at various 
points in such a manner that if one of these is brought 
upon a horizontal plane tangent to the lower side of the pin 
7% the specimen is correspondingly held in one of the four 
positions described above. Thus, point G corresponds to 
the horizontal position, point H to the 30-degree posi- 
tion, point K\.o the 45-degree position, and point L to 
the 60-degree position. 

The point selected rests upon a strong steel bar F. 
From the pin F is suspended a rod T holding a counter- 
poise Wy which preserves the equilibrium of the system 
when the load is applied. 

Two thin strips of wood U and U^, firmly bound 
together at the lower end by a small bolt and nut, are 
secured at the top — one on each side of the specimen — 
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FIG. 5. TOP VIEW 
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by a small bolt passing through the center of suspension 
My and are lightly kept together by the pressure of the 
nut. To the lower bolt is attached a spring scale carry- 
ing a board upon which is placed the load /*, composed 
of blocks of iron. The total load supported by the 
beam is the sum of the weights of the strips, scale, 
board and blocks. 

The mode of proceeding is very simple. A length L 
being selected for a given beam secured in the horizontal 
position, a load is gradually applied until buckling 
occurs. The load is recorded and removed. Then bar V 
is withdrawn and placed under point /^ just brought into 
the horizontal position by rotating the system about 
the rod F as an axis. The beam is thus inclined at an 
angle of 30 degrees with the horizon. A new load is 
tried, recorded and removed, and the system is again 
rotated with point K on the* horizontal plane, thus 
inclining the beam at 45 degrees. And so on until a 
load is recorded respectively for each of the four posi^ 
tions. Then the system is again placed horizontally, 
the clamps D and E are loosened, the length L aug- 
mented by one inch, and the clamps being fastened 
anew another cycle of operations is gone through, and 
so on until the length becoming too great the bar is 
not rigid enough to insure the necessary exactness of 
the tests. 

The same apparatus cannot be used for experiment- 
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ing in the fifth position, because in order that the test 
be exact it is necessary: First, that the bar be held 
firmly at the base ; second, that the load be applied at 
the top, and that its direction coincide with the axis of 
of the bar; third, that the bending or buckling of the 
bar be not hindered in any manner. This last condition 
is very important, as will be seen later, and cannot be 
complied with with the first apparatus, because the strips 
U and C/j being placed in the direction of the probable 
deflection of the bar, would prevent this latter from 
bending freely. 

Consequently, the apparatus represented in Fig. 6 
was devised. To the supporting beams N and N^ are 
fastened the wooden blocks A and B, respectively. The 
specimen 5 is placed between these latter and adjusted 
vertically, then the clamps D and E are tightened and 
the bar is thus firmly held. The clamps press against 
two steel bars FF^^ which distribute the pressure uni- 
formly. The load is applied by means of a frame con- 
sisting of two cross plates M M^ attached to the rods 
U and C/j. Plate M is knife-shaped at the base, but the 
edge is very dull, The scale F attached to Jfj sustains, 
as before, the board and weights P. The load consists 
of the sum of the weights of the frame, scale, board and 
weighing blocks. The length of the bar is measured 
from its top to the upper face of the blocks A and B, 

The bar being firmly held, the load is gradually 
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FIG. 6. APPARATUS FOR TESTING STRUTS LOADED AXIALLY. 
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applied. Although the weighing blocks are placed upon 
the board with extreme care, the loading frame is not 
perfectly still ; in fact, it oscillates like a pendulum and 
consequently communicates its motion to the top of the 
bar. Thus the bar vibrates gently and uniformly on 
each side of the axis, until about seven-eighths of the 
total load have been placed, at which time it becomes 
lazy; in other words, when during the period of one 
vibration the axis is vertical the bar seems to bend on 
one side in a shorter time than it takes to regain the 
vertical position. With a further increase of the load 
the bar finally fails to oscillate and remains slightly bent 
to one side. With less load it oscillates again, but with 
a further increase the bar falls forward with great velocity 
and would break were it not stopped in time. The load 
corresponding to which the bar failed to oscillate is 
recorded as being the maximum that the bar can hold 
in equilibrium. The weighing blocks are then removed, 
as well as the frame, and the clamps being loosened the 
bar is raised one inch and fastened anew. The cycle of 
operations is again gone through, and so on until the 
length of the bar becomes too great to permit an accu- 
rate test. 

Some difficulty was found in placing the cross bar 
exactly on the center of gravity of the upper face of the 
beam. If M is not rightly placed the load does not act 
axially on the bar and consequently near the limit the 
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beam bends toward one side only. The cross bar should 
be shifted a little, until a position is attained at which 
the beam bends indifferently to one side or the other. 
The carrying capacity is thus increased, and is maximum 
when the load acts axially. 

The results of experiments performed on nine bars of 
various sizes, but all of rectangular section, are shown in 
the following tables. In Table i we have the dimensions 
of the bars as well as the moments of inertia and the 
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TABLE I. DIMENSIONS, MOMENTS OF INERTIA AND MODULII OF 

ELASTICITY OF BARS TESTED. 
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modulii of elasticity. In Table 2 are given the results of 
the tests on bars held horizontally at one end and loaded 
at the other. The product P D of the load by the 
square of the length being almost a constant quantity, 
the first law is verified in all the tests, but the second 
and third laws are far from being as clearly established. 

It would seem, so far, that the laws need to be modi- 
fied in a fashion similar to that employed by Professor 
Hodgkinson in his experiments on columns. 

The tests with the bars inclined at an angle of 30 de- 
grees with the horizontal are recorded in Table 3. Here 
again the first law is clearly verified, but the other two 
are not conclusively proven. 

In Table 4 are recorded the tests for bars Nos. i, 2, 
3, and 6 inclined at 45 degrees, and for bar No. 3 
inclined at 60 degrees. Great difficulty was experienced 
in these last tests, in determining the exact loads causing 
the buckling; in fact, with the 60-degree inclination, 
the results were so erratic that they did not seem to be 
governed by any definite law. Each trial was a failure 
and I felt very much discouraged. But after a careful 
investigation it was found that the thin wooden strips 
f/and C/j, Fig. 5, which were fastened to the specimen 
by a bolt passing through the center of suspension M, 
although very lightly pressed against the bar, caused 
this latter's extremity to remain vertical, thus preventing 
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to a certain extent the bar from assuming the curvature 
generally produced by the buckling. 

Since the horizontal and 30-degree tests appeared to 
be sufficiently accurate, they alone were entirely carried 
out. The 45 -degree tests were not quite completed 
and those at 60 degrees were abandoned for the time 
l>eing. Then the bars were tested in the vertical posi- 
tion, the results also being shown in Table 4. Here the 
three laws are entirely verified, and the results, on being 
compared, are almost identical with those indicated by 
the formula of Euler, viz. : 

4 

The ratios between actual and theoretical results are 
shown at the bottom of the tables. Consequently, it 
must be admitted that Euler's formula is correct, since 
it can be proved by such simple experiments as those 
just described. It is worthy of remark that the vertical 
tests were made under perfect conditions : the bar being 
firmly held at the base and the load made to act axially 
in such a manner as fiot to hinder in any way the bar from 
assuming the natural curvature due to buckling. 

In order to investigate the cause of the failure of the 
other tests, a bar was placed at 60 degrees, and loaded 
until it buckled and fell to one side, when it rested 
against support Z^ Fig. 7. Then an arm a was clamped 
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to the strips i/and U^ near the top, and gradually loaded 
until the bar straightened slowly, and finally bending 
abruptly fell to the other side against a support, being 
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thus prevented from breaking. This bar was No, 3, 
having for dimensions b=^\ inch, h =^ t inch. For a 
length L ^ 1% inches, it buckled under a load of 14J 
pounds, with the suspension bolt at M loosely fitted. 



This bolt being very firmly tightened, the bar straight- 
ened a little and 2^ pounds were added before buckling 
occurred anew. Then the arm a being adjusted in place 
and loaded with about 2\ pounds, the bar again straight- 
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ened slowly and with a slight increase of the load it fell 
on the other side against the support. This little experi- 
ment, repeated on several bars, proved conclusively that 
a bar can be made to bear a greater load if its loaded 
end is prevented from turning about its axis than it 
would carry were this end free to oscillate. This eccen- 
tric load simply amplified the guiding action of the 
strips U and U^, 

Fig. 8 represents at A a, straight bar held at the 
end D. At B the same bar under axial compression is 
bent laterally, the curve assumed by this axis being a 
sinussoid combined in the same horizontal plane as the 
originally straight axis. This curve is the first of the 
nine kinds of plane elastic curves found by Jacques Ber- 
nouilli (A. D. 1694) and analyzed by Euler. It is seen 
that the vertical axis of the loaded end remains parallel 
to that of the bar in a state of rest. At C the bar is 
subjected to a bending effort and buckles in the com- 
pression part. Just before buckling occurred the bar 
was longitudinally straight as at ^4, but vertically bent, 
since the bending force necessarily caused a certain 
deflection. Consequently, the neutral plane of the bar 
affected a parabolic curve. With an increase of the load 
the compression part buckled and was curved, as shown 
at a. From the fact that the bar is thrown to one side 
it is easily seen that the two lower edges are no longer 
equally strained. The right edge is under a greater com- 
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pression and consequently shortened, but the left is 
somewhat relieved and therefore relatively elongated. 
The curve assumed by the upper edges is very much 
like that at B^ and has not the abruptness seen at a. 
It results from this that the major axis of the loaded end 
is no more vertical^ and the bar is actually twisted. There- 
fore any force which can prevent this twisting must 
necessarily increase the carrying capacity of the bar, or, 
in other words, must insure to a greater degree the elas- 
tic equilibrium of the solid. 

It remains now to find the true laws governing the 
elastic equilibrium of a solid loaded transversely at one 
end and free to assume any consequent curvature. If 
at C, Fig. 8, the load is applied on the upper face of 
the bar, there will result an increased twisting and the 
bar will carry less load. If the load is hung from the 
lower face, the twisting will be lessened and the bar will 
be guided vertically, as with the strips U and C/^, thus 
increasing the carrying capacity. 

Consequently, the point of suspension of the load at 
the end of the bar must be at the center of gravity of 
the section and must remain there. This condition can 
be fulfilled by employing the device illustrated by Fig. 9, 
where A is the end of a bar through which passes a rod 
By made fast to the bar by means of the nuts and wash- 
ers C and D. The ends of the rods are hook-shaped, 
and therefrom are suspended two rods E and F support- 
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ing the beam G. The centers of the hooks of rod B 
are equidistant from the center of gravity of the section 
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FIG. 9. METHOD OF SUSPENDING LOAD GIVING BAR ENTIRE FREEDOM TO 

BUCKLE. 

A ; the load P is applied at middle of beam G, and rods 
E and F are parallel. The whole system can oscillate 
freely, the points of suspension being all knife-edged. 
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The direction of the load passes therefore through the 
center of gravity of the section, and does so regardless 
of the inclination of the axis x of the bar — as, for 
instance, when the bar being twisted this axis occupies 
the position x^^ Fig. 9. 

With this apparatus the bars were again tested in 
the four positions previously described, and, curiously 
enough, were found to give way by buckling under exactly 
the same loads that caused the buckling in the fifth or 
vertical position. Thus, bar No. 5, with a length of 
10 inches, gave way in any of the five positions under 
a load of 26J pounds. The load was not in the full 
sense of the word exactly 26J pounds, but the variation 
was less than f of a pound one way or the other. This 
variation is, of course, insignificant and well within the 
permissible limits. All the bending tests were success- 
ful, but the thin bars Nos. i, 4 and 7, being only \ inch 
thick, offered much difficulty in the vertical position, 
because the load could not be applied axially. 

We must now find the reason why a bar of iron of 
given length buckles under a certain load, as well when 
held vertically as horizontally, or in any intermediate 
position between these two. 

The problem of the strength of columns properly 
belongs to the domain of higher mathematics. It has 
been solved by Euler, Lagrange, Poisson and several 
other great mathematicians. It is consequently impos- 
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sible to present an elementary solution of it here, and 
we must admit the . correctness of Euler's formula since 
experiments prove it ; we must also admit, for similar 
reasons, that the same laws govern the equilibrium of a 
horizontal beam subjected to a bending effort. Then 
we can easily explain the other cases. In Fig. lo a 





INCLINATION OF BAR ABOVE I 

beam L firmly held at one end is inclined at an angle a 
from the horizontal and sustains a load /"applied at the 
other end. The force P can be resolved into two others : 
One (P cos, «) acting perpendicularly to the length L 
produces a bending effort whose moment is P cos. a . L ; 
the other P sin, a, is a force of compression acting 
axially on the solid. It is very important to remark 
that {P cos, a) L ^ P(L cos, a). The first member of 
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this equation is the product of the force P cos. ol by the 

length Z, whereas the second member is the product of 

the force P by the length L cos a. This second is more 

proper than the first, judging by the definition of the 

term moment of a force. Thus a moment is the product 

of a force by its lever arm. Here the force is P^ the arm 

is the projection L cos. ol. If the axial force alone was 

sufficient to cause the buckling of the prism, we would 

have 

(P sin. a) D = constant ; 

but this expression is not correct, for we ^an also prove 

that 

(P sin. a) L=. P (L sin. or), 

and the results would differ widely were we to introduce 
one or the other of these terms into the ptevious equa- 
tion. But if the question is considered in another way 
we can make the results agree with the experiments. 
Thus, by assuming that the force P tends to compress a 
solid of length L sin. «, and to bend another of length 
L COS. a, we must have : 

P (Z sin. df = constant. 

If the bending alone caused the buckling we would 

have: 

P (Z cos. df = constant; 

but, since the combination of the efforts caused the 
buckling, and since the load applied is equal to that 
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which buckled the same solid of length L in the vertical 
as in the horizontal position, it becomes evident that the 
efforts must be added. Hence 

P (Zcos. ay '\- P (L sin. of = constant; (18) 

or P D (sin.* a -|- cos.' a) = constant. 

But sin.^ a + cos.^ .«==!, hence for any position 
between the vertical and the horizontal (above the lat- 
ter) we have : 

P D ■=^ constant. 

as found by experiment. 

When the bar is placed below the horizontal, as in 
Fig. 1 1 , the force P may again be resolved into two 
others, one (Pcos. oc) perpendicuFar to the axis of the bar, 
producing a bending effort whose moment is P cos. a , L ; 
the other force {P sin. oc) is axial and tensile. Since a 
tensile force cannot produce buckling, but, on the con- 
trary, tends to prevent it, its effect is negative and, as 
in the present case, a bar nevertheless may buckle, it 
follows that it does so under the combined efforts of the 
components of force P, Therefore, we have again : 

P (L cos. ay -f [— /* (Z sin. a)'] = constant, 

or P L^ (cos.' a — sin.' a) = constant. (19) 

This shows clearly that the greater the angle a the 
less will be the tendency of a bar to buckle. Further- 
more, this tendency will be maximum with the bar hori- 
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zontal, when sin. a = o, and minimum with a = 45 de- 
grees, when sin. a. = cos. oc and P becomes ao . With a 
still greater angle, the tensile force being superior to the 
bending, no buckling can take place. 

It is easy to prove this experimentally by using the 
apparatus No. i. Fig. 5, in which a bar can be made fast 
at one end and inclined, for instance, at an angle of 
30 degrees below the horizontal. If we use No. 2, 
20 inches long, the load suspended from the free end 
must be 4i pounds to produce buckling. We found at 
first in the vertical tests, and afterward in the modified 
angular tests, that PI}=- 1700; hence we must have: 

P^ D (cos.* 30* — sin.' 30*) = 1700 

D = 400; cos.' 30* = 0.75; sin.' 30* = 0.25. 

1700 

Hence P^ = = 8.5 pounds. 

' 400 X 0.5 

In reality, the weight required in the test is a little 
more than 8| pounds. This excess is due to the fact 
that, as soon as the load is applied, it causes a deflection 
of the bar, which augments the angle ot. For thin 
wooden specimen the deflection is very great and must 
be 'taken into account. Thus, the load required is also 
slightly greater for the horizontal than for the angular 
and vertical tests. 

We may write for any angle ol the general formula : 

PD (cos.' a ± sin.' a)z=—EI, (20) 

4 
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to which the sign ( + ) must be employed when the com- 
ponent of jP is a compressive force, and sign ( — ) when 
this component is tensile. 



My first experiments were made upon beams sup- 
ported at the ends and loaded at the center. In the 
absence of data concerning the question, it was thought 
that the beams buckled because they were long and 
thin — that is, structurally weak — but soon after the start 
it was observed that they obeyed a certain law. It was 
found also that the manner of applying the load had a 
great influence on the results. Thus, with a very thin 
beam, if the load is applied at the middle, but resting 
on the" upper face, the system is very unstable, because 
the bending force, acting above the center of gravity of 
the beam, tends to upset this latter without actually 
buckling it. If the load is suspended by means of a 
wire terminated by a ring or a loop passing around the 
beam and resting on the upper face at the middle of the 
length, the center of gravity of the system is very low, 

and it would seem that the equilibrium is assured ; but 

• 

it is not so, and the beam is as unstable as in the first 

case, because the least oscillation of the load may cause 

an oblique pull on the upper edge, and thus upset the 

beam. After trying different methods for applying the 

load, one was found to give very regular results and was 

consequently adopted for all the experiments. It is the 
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same as the one used with the apparatus illustrated in 
Fig. 5, page 42. Two thin strips of wood. Fig. 12, 
were fastened at one end to the beam by a small bolt 
and nut, the bolt passing through a hole bored at the 
middle of the hrght h on the neutral axis of the beam, 
and at the other end the load was sus- 
pended. The beam and load were thus 
solidly connected. In order to still fur- 
ther increase the stability of the system 
the ends of the beams were cut in such 
a way that, previous to the application 
of the load and barring the small deflec- 
tion due to the weight of the beam 
itself, the points of support and the 
center of suspension of the load were 
situated on the same horizontal line, 
viz., the longitudinal axis of the beam. 
This excess of care naturally developed 
Kio. 13. an increase of the elastic equilibrium of 

the specimen, but this was not especially noticed until 
the difficulties encountered in the angular tests exposed 
the true guiding action of the suspension strips. We 
have .seen that when a beam .supported at the ends 
buckled, the points of support and of suspension re- 
mained in the same vertical plane, but the beam assumed 
irvaturc in the form of an elongated .S\ This 
iding double curvature was caused entirely by 
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the suspension strips, which, forcing the center of the 
beam to remain in a vertical plane, effectively prevented 
it from twisting. Furthermore, the beam in developing 
one loop on each side of its axis increased the static sta- 
bility of the system and caused an augmentation of the 
buckling board. 

After the suspension parallelogram was devised and 
applied with such successful results to the beams held at 
one end and loaded at the other, the question clearly 
defined itself. The work done previously had been spent 
on a complex case; that is, a beam supported at the 
ends had supported at the middle of its length a load 
which guided it in a vertical plane. This case resembles 
some\yhat that of a vertical column held at the base and 
sustaining at the top an axial load guided vertically. 

It was then necessary to make anew the previous 
tests, this time employing the parallelogram in order to 
let the beam deviate or twist freely. The results were 
at once convincing, and the three laws were almost per- 
fectly verified. The load observed for a beam of length 
Z, was found to be that necessary to buckle the same 
beam supported at one end and loaded axially at the 
other, as per Euler*s formula: 

^- u ' 

In Table 5, /* is the load observed as applied with 
the strips, and P^ is the theoretical load deduced from 
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the above formula, and with which that applied by means 
of the parallelogram almost perfectly coincided. 

In Table 6 we have the results obtained with a built- 
up I-beam. The top and bottom flanges were glued to 
the web, and formed a solid combination. The load was 
attached to a strong wooden bar which had an end cut 
out so as to fit exactly the shape of the beam. This 
method was thought the best at the time, but after- 
ward the parallelogram was tried, and the observed loads 
again coincided with the theoretical ones given in the 
P^ column. 

In Table 7 are given the results obtained with a built- 
up T-beam. The load was applied by means of a strong 
bar cut to fit the shape of the beam. But in the first 
position (X) the bottom flange was left free, the bar 
being fitted only to the vertical web. The different 
values observed in the two positions would seem at first 
to indicate that the beam can resist *better in one posi- 
tion than in the other. But these differences are due to 
the guiding influence of the* suspension bar, and also to 
friction at the supports. In the T position the load acts 
upon a flat horizontal surface and tends to keep it in the 
same plane, while the web' is guided also vertically, ton- 
sequently the resistance of the beam is somewhat higher 
than in the other position. This can be made clear by 
using the parallelogram, with which we would find the 
resistance alike for both positions were it not for the 
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friction at the supports, the loads coinciding with the 
theoretical P^, 

In these tables we see the gradual increase of the 
stress/. This stress does not seem to exert any influ- 
ence upon the resistance of the solid, for the beam 
buckles only when the product of the load into the 
square of the length equals a certain constant. 

A large number of tables could be added to those 
already cited, which would give the results of experi- 
ments performed on many specimens of various forms 
and on a few steel beams, but the writer, satisfied for 
himself that the laws advanced in this memoir have been 
verified, and certain that the present question will interest 
the mechanical world, would prefer to see the matter 
taken up by conipetent investigators, having at their 
disposal perfect testing apparatus, and who would con- 
firm his own work or indicate necessary modifications of 
the formulas given here. 

Since the theoretical laws of Euler seem to govern 
the question, the experiments, in order to be conelusive, 
must conform absolutely to the requirements of the theory. 
Thus, the limits of elasticity must not be trespassed, and 
the specimen must be held or supported and loaded 
exactly as the theory requires. It is proverbial that 
every rule has its exceptions, but in our case the rule or 
law, pure and simple, must be firmly established at first, 
and it will be easy afterwards to study the exceptions or 
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complex cases, one by one, as they are encountered in 
practice. 

The first law of the elastic equilibrium of solids is 
very remarkable. It shows that a beam will buckle, 
whatever be its length, if the load applied is such that 
the relation PL? = constant is satisfied ; if Z = t?, /*= oo, 
and vice versa. 

No less remarkable is the fact, proved by the angular 
tests, that the separate effects of one force unite into a 
common effort tending to destroy the equilibrium. From 
careful consideration of this fact results the finding of 
the key to many problems heretofore unsolved. 

Since the components of one force, being in fact two 
distinct forces acting at the same point, combine their 
efforts, we may logically deduce therefrom that the 
efforts of two or more forces acting at various points on 
the beam may also combine towards the same object. 




FIG. 13. 



Thus, for a beam held at one end, loaded at the 
other and also at another point. Fig. 13, we may have 
the relation: 
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P U^P^ Z/ = constant. (21) 

which is verified by very easily made experiments. 

This being true for two forces is also true for any 
number of forces, and we have : 

[AC+A^/+AC+ • • • +AC] = constant. (22) 

For a beam uniformly loaded /j =p^=. p^=i . . . f 
p^=z p :=: pressure per unit of length, whence 

/ (A' + C + V + • • • + O = constant. 

But the loads/,, p^y p^, etc., being equally spaced if / 
is the distance between any two loads, we have : 

/[/'+(2/)' + (3/)'+ . . , +(«/)']= constant. 

or 

//'(i + 2" + 3'+ . . . -f «') = constant. 

The sum of the squares of the numbers from i to «, 
inclusive, is 

71 {n -\- \) {2 n -\- \) 
1.2.3 

But / is the unit of length and n ^ n units of length = Z, 
hence, 

^ (Z + i) (2 Z + i) = constant = — E I. (23) 

6 4 

This cannot well be proven experimentally, because it 
would be difficult to so suspend the loads as to insure to 
the beam complete freedom to deviate or buckle laterally. 
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But we will now analyze an experiment which completely 
proves the combination of the effects of forces. 

A beam was tested in the manner shown by Fig. 14. 
It was supported at the ends and equally loaded at two 
points A and B equidistant from the center of the beam. 
These points were varied along the length, but always 
kept equidistant from the center, and the loads applied 




FIG. 14. 

were always equal — that is P=iP^, The results are 
shown in Table 8. Here the relation PL^ =t: constant 
does not exist. Instead, we have the bending moment 
PL = constant. This at first seems. to indicate a radical 
modification of the first law, but we will see presently 
that it confirms it remarkably. 

The question is much simplified if the effect of one 
load is studied independently of the other. Therefore, 
we may decompose the problem into two parts, viz. : 

I . A beam of length L supported at the ends sustains 
a load P applied at any distance 1 from one end ; 
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2. The beam sustains two equal loads P and P^ equi-^ 
distant from the center. 



CASE I, FIG 15. 

The reactions of the supports are / and p^. The 
moments about B are pl=Pili- We now have the 
well-known relations: 



P+P.^J^J 



l+l, = L; 



/ = 



_Pl,_P{L^l) ^ 



A = 



L' 








FIG. 15. 



If the action of the force p was such as to cause the 
buckling of the part Bby we would have: 

;r' 
pp ^ C ^ — EI ; (C— constant). 

4 
But here to this action must be added that of force p^ 
Thus we have pl^ + A A^^ ^- Replacing / and p^ by 
their values as above, then : 
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or 

and finally after reduction : 

Fll^=F{L^l)l=zC, (24) 

. This can be demonstrated in another manner as fol- 
lows : The actual moment at the middle of the beam 
due to force / is 

Z 

In other words, the force p^ is that which, acting at b, 
would produce about Ca moment /j . — , equivalent to 

the actual moment//. We have then/j =2/ — . 
Similarly for/j the corresponding force /, would be 

^' L 

The buckling of one-half of the beam would be due 
to the combined efforts of/g and/3 acting upon a length 

- " , therefore : 
2 



a(4)"-a(4)=c. 



or 
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L • 4 "^ ^ • 4 - ^• 
Replacing/ and/^ by their values as before: 
2 Fir \ D (2Fll\D 



(2FIV\U (2Fll\U ^ 

Finally we have again 

Fli^C=—EI. 

4 

If the load is applied at the middle of the beam, 

l-lz=—, therefore PIV =. — - = C; 
2' 4 

whence P D^ AtC—n" EI, 

as found by the experiment. 



CASE II. FIG. 14, 

The reactions of the supports are : 
at a, at b. 



p /, • • • <^uc to P^ 

/, p . . . due to Pj. 

We have here also the known relations : 
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The bending moment about A or B: {p -\- p^ 1= PI 
is maximum and constant from A to B. For instance, 
at C the moment is 



(a . f ) = P'- 



The sum of the effects of the two forces P and Pp causing 
the buckling of the beam, we must find as before : 



V L ' 4)" 



,ylPL^IL\^PLl^C^'^EL 



(2 Pl\ 
I IS the value of the force which would produce 

upon a length I — j an effect equivalent to that due to 

the force P acting on a length /. 

If we call Pq the total load carried by the beam, then 
P + /'j = P^y and therefore 



PLl^^Ll-C. 
2 



When this load is applied at the center of the beam, 



/= — , whence 
2 



4^z/=A^' = c. (25) 



and we have as before. 
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Thus we see that equation (25) explains the results 
obtained in the experiments. The bending moment was 
found to be constant, the equation shows, in effect, that 
PL = C= constant. 



COROLLARY, FIG. 16. 
The beam sustains a load P^ uniformly distributed. 

In Case 11. we have considered one system of forces 
equidistant from the center of the beam but, for a beam 
uniformly loaded, the buckling is evidently due to the 



— fc- 



p p p 



lllllilii \ \ I VT *^ 





Amniiocuk Uwdw^iH 



FIG. 16. 



sum of the efforts of a great number of such systems. 
Consequently, \i p is the load per unit of length, we may 
assume that the beam sustains a number of forces distant 
from one another a length / equal to the unit of length, 
Since two symmetrically applied forces, such as/^,, con- 
stitute a system, we must have : 

^p^LI^C; (26) 

or ^^Z[/+2/+3/+. . . +«/] = C. 
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Hence ^,z/(^i^±^>) = C. 

But /„ =/, /= I, «/= — / therefore, the limit of 

2 

the elastic equilibrium of a beam supported at the ends 

and uniformly loaded may be expressed by the equation : 

or, since /Z = /^^j = total load applied on the beam, 

P>L[^) = n^EI. (27) 



A great number of cases in which forces tend to 
destroy the elastic equilibrium of beams held or sup- 
ported in various manners remain to be treated, but for 
the solution of our simple problem we must content our- 
selves with the few examples briefly analyzed in the 
present memoir. However, the writer is preparing a 
voluminous work in which the principal questions likely 
to be encountered in practice are given proper treatment. 
. Because the few tables given in this memoir concern 
only beams of small section, the largest being 2x^1 
inches, many readers may think that the whole proceeding 
is more of the nature of play than of serious study, and 
that the conditions dealt with are not those likely to be 
encountered in practice. 

It should be remembered that from the start the 
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object of the investigation was the discovery of the prin- 
ciple governing the case. The writer is confident that 
this object has been attained. By means of very simple 
apparatus, with specimen of diminutive sizes — permit- 
ting the selection of almost perfect material — requiring 
' relatively small loads to cause distortion, many objec- 
tionable features were eliminated from the tests. For 
instance, the friction at the points of support of the 
beams was not of such importance as would have been 
the case with heavy loads causing the supports to indent 
the beams, and thus guide these in a certain direction, 
preventing them from twisting naturally (see experiments 
on T-beams) ; the smallness of the specimens and of the 
loads afforded easy handling of the objects and also — 
which is most important — a more complete observation 
of the phenomena taking place. Not in defence of the 
method employed by the writer, but simply to strengthen 
the confidence of the readers and of those who would 
like to verify the results given here, it may be said that 
the Science of the Resistance of Materials owes more to 
laboratory experiments on small scale than to those made 
on large specimen. Besides, although the beams em- 
ployed were rather diminutive, it suffices to glance at 
the values of y given in the tables to be convinced that 
in many cases the breaking strength of the specimen was 
almost attained. (In several occasions /= nearly 5,000 
pounds per square inch.) 
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Should subsequent tests undertaken by skillful experi- 
menters upon specimen of various forms and composition 
prove the necessity of modifying by suitable coefficients 
the formulas advanced here, the fact remains patent 
that, in principle, there exist three principal laws gov- 
erning the elastic equilibrium of solids. These laws, 
unknown until now, may be expressed thus : 

First Law. — The load causing the buckling of a 
beam through flexure is inversely proportional to the 
square of the length upon which it acts directly. 

Second Law. — The load is directly proportional to 
the cube of the thickness and to the depth of the solid 
or, generally, directly proportional to the moment of 
inertia of the section of the beam considered, taken in 
reference to an axis passing through the center of gravity 
of the section, parallelly to the direction of the load. 

Third Law. — The total effect of one or several 
forces or of their components is equal to the algebraic 
sum of their individual effects. 



THAT SIMPLE PROBLEM. 

Stepping now from the laboratory into the study, 
we find on the table the dear old question patiently 
awaiting our good pleasure. After a careful dusting let 
us read it again : 
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// is required to design a beam having a minimum vol* 
ume and which y firmly held at one endy must sustain at 
the other a load P acting perpendicularly to the length L. 

Although we have accomplished much, much remains 
to be done, and it behooves us at present to make an 
inventory of our resources. 

Our text-books gave us for any bending moment the 
equation : 

Fx=/—. (i) 

a ^ ^ 

Whence the value of the modulus of resistance is 

derived in a general way, the terms P, x and f being 

known, thus: 

/ Fx 



a- f ' 

This equation is true for any form of section, but 
absolutely indeterminate for all but plain sections such 
as the circular and the square; for the rectangular, 
having b h for dimensions, it is necessary to assume a 
value for one of these in order to obtain the other. 
Therefore any value of by for instance, will satisfy the 
equation, but, as we have previously seen, the area of 
the section and consequently the volume of the beam 
varying directly as the width, it seems advantageous to 
make this latter very small. Then our books and our 
experience warn us not to make the bea:m too thin for 
fear of lateral collapse. 
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We have found the consideration of the deflection of 
of the beam a most valuable auxiliary, because by speci- 
fying the degree of rigidity necessary for a given case, 
we find by equation (7) : 

, _ ^ I / Z 



Z m E n 

which expresses the hight of the section, irrespective of 
the shape of the latter. For a rectangular section this 
value introduced in equation (i) determines b. But, 
although the dimensions of the sections are now known, 
the stability of the solid is by no means assured, and the 
latter may collapse before the stress /* developed in the 
beam has attained the value originally assigned to it. 
From our experiments was obtained the expression : 

Fr = -EI^, 

4 

which asserts positively the limit at which a beam of 
length L with a section having a moment of inertia /^ — 
taken with reference to an axis perpendicular to the 
neutral plane and passing through the center of gravity 
of the section — will collapse when supporting a bending 
load P, 

Before proceeding further, let it be understood that 
this is the absolute limit and that, like the breaking 
strength of the solid, it must not be reached in practice. 
Consequently a factor of safety must be selected. During 
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the tests it was observed that the specimen could be 
vigorously vibrated until the load applied reached J of 
the limit load, after which care was necessary until 
\ of the limit was reached, at which point the specimen 
became very lazy and vibrating had to be checked, 
because any vibration had a tendency to assume an 
exaggerated amplitude, although actual collapse took 
place only with the limit load. 

The writer considers a factor of safety of 2 amply 
sufficient in all cases in which the beam is held and the 
load is applied in the proper way, as explained before. 
There will, undoubtedly, be quite a variation of opinion 
regarding this value. It would be wrong to adopt defi- 
nitely one factor for all cases, irrespectively of the man- 
ner in which the load is applied, and, likewise for/*, dis- 
cernment will have to be exercised. 

It is also worthy of remark that when the beam is 
abruptly vibrated the point of application of the load 
may be displaced, especially if the load is not rigidly 
fastened to the beam. In such a case the aspect of the 
question is changed and the solid becomes subjected to 
combined stresses, requiring consequently a special treat- 
ment differing from that followed here. 

Quite a number of beams so shaped as to be very 
nearly of uniform strength were tested and found to be 
weaker than those having a uniform section ; but it has 
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not been possible so far to establish a well-defined rule 
governing the case. By employing formula : 

FD^—El 
4 

modified by a factor of safety of 2 no fear that collapse 
will occur need be entertained. 

Finally, we may say that everything considered it 
may be found convenient to adopt for the collapse limit 
the same factor of safety used for the breaking strength 
of the beam, thereby greatly simplifying the matter. 



THE BEST FORM OF SECTION. 

Now, if a rectangular section calculated for strength 
and rigidity is found to be weak for resisting collapse, 
it must be altered. By increasing b the required inertia 
moment /^ may be attained, but the volume of the beam 
will be proportionally increased. It is true that the 
strength will be augmented, but no benefit will be 
derived from the fact, since the originally adopted value 
of / insured safety. By modifying the shape of the 
section the beam can be made to satisfy the three con- 
ditions of strength, rigidity and stability, and at the 
same time its volume may be kept close to the mini- 
mum limit. 
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The most convenient and widely employed is evi- 
dently the I-shape. The question is now to determine 
the proportions of the different parts of the section, or 
first, what must the area be ? As generally treated in 
practice, the central web is calculated to resist the trans- 
verse shearing, although it combines also with the top 
and bottom flanges to resist flexure. Neglecting for the 
present this central web, let us assume that the section 
is composed only of two equal and parallel rectangles, 
Fig. 17. Its principal moments of inertia are: 



12 ^ ' 



/. = ^{H- h). 

* 12 ^ ^ 



The area A = B{H — h) will be a _. 
minimum with h:= H when A-=o; 
in other words, if we make the thick- 
ness of the rectangle infinitely small, B 
will become infinitely great and, at 
the limit, the top and bottom parts 
will be only straight lines of infinite 
length. It seems therefore advanta- 
geous to reduce the thickness. A 
very simple experiment will show that great care must 
be exercised in this matter. If a prism of rubber a few 
inches long, and, say, ^xf inch is carved longitudinally 




FIG. 17. I-BEAM 
WITHOUT WEB. 
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so that its section be as shown in full lines in Fig. iS, 
we will have an I-beam, very flexible it is true, but this 
is a valuable quality for our need. Let us bend it in 
the form of an arc of circle ; it will then be deformed as 
shown in dotted lines. We see, first, that the top and 
bottom flanges have not remained parallel in the section ; 
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I FIG. l8. ACTION OF A FLEXIBLE I-BEAM. 

second, that their middle has been kept in place by the 
rigidity of the central web; third, that their edges, 
beiiHg unsupported, have been brought nearer to the 
neutral axis, and — as the tensile or compressive stresses 
are proportional to the distance of the fibers from the 
neutral axis — they are consequently less strained than 
the middle portions. Therefrom we conclude that, be- 
cause of this deformation, the beam has been weakened. 
The same thing would occur to a beam made of rigid 
material, like iron, but of course the deformations would 
not be so pronounced in actual practice. However, for 
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the purpose of testing, if the specimen, was bent exces- 
sively — at right angle, for instance — the deformation 
would be similar to that of the rubber prism. 

To the writer's knowledge, this very important point 
has never been treated analytically in such a manner as 
to establish a practical solution, and our authorities 
generally advise us benevolently *'not to make the 
flanges of the beam too wide and too thin for fear of 
collapse. Right here is a wide field for investigation, as 
well mathematical as practical. The problem is indeed 
very attractive, etc. . . .'* Thus left in a lurch, 
having nothing else to do, if perchance we cast a glance 
on the illustrated lists of commercial rolled iron and steel 
beams, such as used on bridge and building construction, 
we notice that the sections seem to be made with a view 
to economy as well as strength ; the material seems to 
be distributed in the most effective manner, and the 
flanges are tapered, apparently to guard against collapse. 
Although rather lean, the section looks very strong and 
rigid. Evidently the proportions have not been chosen at 
random ; on the contrary, they must certainly have been 
judiciously determined from carefully made experiments. 
Since these shapes have been sanctioned by general 
practice, it would be wise to take them for models, or at 
least to use them as standards of comparison, and espe- 
cially so in the absence of any other reliable data. 
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The moment of inertia of an I-beam has for its ex- 
pression : 

12 

We have here one known quantity (7/) — determined 
by the deflection formula — and three unknown : {B), {b)y 
(//). This equation is consequently indeterminate, and 
values must be assumed for some of these unknown in 
order to obtain a solution. The same remark applies to 
the expression for the area of the section : 

^ = BH-bh. 

These expressions are much more complicated in the 
case of the commercial rolled beam sections. Hence it 
does not seem possible to make comparison analytically 
between one of the latter and a plain section. How- 
ever, the writer has worked out a formula expressing^ 
very closely the areas of most of the rolled I-beams 
made in the United States as well as in Europe. It is 
derived from the comparison — almost unwarranted, but 
the end justifies the means — of a kollozv square box beam 
with a rolled I-beam having the same hight of section, 
same area A and same moment of inertia /. It is well 
known, of course, that the moment of inertia of a hol- 
low box section is the same as that of an I section having 
the same hight, width and thickness of top and bottom 
flanges, the sum of the thicknesses of the lateral webs 
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being equal to the thickness of the central web, as it 
Fig. 19. Knowing /and H, the question is to find A. 
For a hollow square section: 
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FIG. 20. ACTUAL AND CALCULATED AREA OF CARNEGIE I-BEAMS. 

from these two equations we obtain : 



/^,^ = ^~H' - i2l= H"" -A. 



Whence 



A = H 



VH' - 12 1. 



(28) 
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FIG. 21. ACTUAL AND CALCULATED AREA OF NEW JERSEY STEEL 

AND IRON CO.*S I-BEAMS. 



If we apply this formula to the Carnegie I-beams — 
steel and iron — the properties of which are given in the 
well-known pocket-book of shapes, and also to those of 
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the New* Jersey Steel and Iron Company, we obtain very 
conclusive results. These latter can be shown to better 
advantage in the form of a diagram, as in Figs. 20 and 21. 
The abscissae are simply equal distances for spacing the 
shapes and have no other meaning, but the ordinates 
are drawn to scale and indicate the areas of the sections. 
The top of the ordinates are joined by straight lines. 
The full lines indicate the areas given in the books of 
shapes, and the dotted lines those derived from formula 
(28). It is thus seen that the two series of values are 
nearly identical. 

When such a simple formula — even if found entirely 
by chance — agrees so closely with good practice, it is 
advisable, because of the lack of reliable data, to give 
it conscientious trial so as to find if it is necessary to 
modify it before final adoption. 

For our case we will consider that equation (28) ex- 
presses the minimum (practical) area of the greatest sec- 
tion of the beam. 



THE CENTRAL WEB. 

Text books do not contain precise formulas by which 
the web may be calculated ; they are unanimous, how- 
ever, in stating that the thickness must not be too small 
for fear of collapse. We have solved experimentally the 
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question of the lateral collapse of the beam and have 
excavated the sectional area from good experience sanc- 
tioned by practice. Let us now draw, on our imagina- 
tion for a reasonable hypothesis of the real function of 
the web. 

To begin with, let us assume that the beam is trussed 
as shown in Fig. 22. The parts a, ^, c are in tension, 
</, e in compression. They are respectively the top and 
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FIG. 22. TRUSSED BEAM. 

bottom flanges of the beam. Coincidently with the 
stresses developed in them they increase in size as they 
recede from the point of application of the load ; thus 
the section of c is greater than that of d, which in turn 
is greater than that of a. The diagonals g" are in com- 
pression and are equally strained. The bars A resist 
equal tensive stresses. These bars and diagonals are to 
the beam illustrated here what the central web is to a 
solid beam. The diagonals must be treated as struts 
and the least moment of inertia of their transverse sec- 
tion must be large enough to insure their safety against 
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buckling. H, out of the total amount of the material 
composing bars and diagonals, we form a thin plate 
filling the space between the top and bottom flanges, 
the result is a solid beam. It would seem at a first 
glance that no important change has been effected, but 
with a closer attention we discover that a great compli- 
cation of stresses has been established in the web. The 
compressive forces — shown in diagonal lines in Fig. zy — , 
are still there, as are also tensile forces (vertical lines) ; 



in addition to these, the top and bottom flanges, being 
now rigidly fast to the web, transmit to it bending 
stresses (horizontal lines) proportional to the distance of 
the fibers from the neutral axis. The determination of 
the resultant effects of all these stresses at work on a 
transverse section of the beam — the section being as- 
sumed plane before the application of the load — belongs 
to the domain of mathematical analysis of the highest 
order, on which, for obvious reasons, we will not attempt 
to trespass. 
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But although all these stresses combine towards a 
common effect, their individuality is not obliterated and, ' 
for the safety of the structure, each kind of stress must 
be counteracted. Consequently, since our experiments 
have taught us that prisms are liable to buckle when 
under compression produced directly or resulting from 
bending, and because we may with reasonable certitude 
believe that the central web of a beam is subjected to 
similar compressive strains that obtain in the diagonals 
of a latticed girder, it seems proper to employ, for deter- 
mining the thickness of the web, the rules governing the 
collapse of struts. 

By adopting 45 degrees for the angle of inclination 
of the diagonal we are in accord with good practice. 
Thus we are to treat as a strut a panel of thickness /, 

length = >  , width = A X cos. 45, loaded axially 

cos. 45 

p 
and parallelly to the diagonal with a weight = 



COS. 45 

If we consider that the panel is not guided at the top 
and bottom — as that is most likely the case — the formula 
applicable here is* 

/> Z'= le EI., 



But for P^L} we must write: 



h^ Ph^ 



cos. 45 * COS.* 45 COS.* 45 
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Using 2 as a factor of safety, we have : 

PJj^ _ 7r^E . /'//COS. 45 
COS.* 45 2X12 

Solving for /, we have : 

/ = l/^p^. {29) 

Our hypothesis gives us a very simple formula. While 
it cannot be claimed that the reasoning leading to this 
result is irrefutable in some parts — leaving aside the free 
assumption of the inclination angle of the diagonal — 
where it is primarily at fault is in dealing too summarily 
with such an important subject. 



THE WIDTH OF THE SECTION. 

If we decompose the transverse section of an I-beam 
into several elements, as shown in Fig. 24, we do not 
change its moments of inertia, for we have : 

12 12 

in other words, the total moment of inertia is equal to 
the sum of the moments of inertia in the parts, taken 
with respect to the same neutral axis. 

The unknown quantity in this case is B, 



FLEXURE OF BEAMS. 



93 



The area of this section is 



Calling L the moment of inertia of the flanges alone 



and A their area, we have : 



/. = 



' 12 12 ' 



mm 



whence', by combining : 



(30) 



w 

k 



A. H-/1 



Solving for //, we have : 
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FIG. 24. ELEMENTS OF 
AN I-BEAM. 






\2l -tH ' zH' 
A — th 4 



(31) 



This value introduced into equation (30) gives us b, and 
^^ h J^ t = B the section is entirely determined as far as 
strength and rigidity are concerned. It remains to cal- 
culate the moment of inertia I^ and compare it with that 
required to insure safety against lateral collapse. If this 
value is superior or equal to the required one, the 
problem is solved ; if it is only slightly inferior to it, the 
flanges may be widened a little but kept of the same 
thickness, the increase of area resulting therefrom being 
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negligible; if it is greatly inferior, two ways may be 
used to remedy the trouble : • 

(I) Calculate the flanges anew for the required inertia 
moment ; 

(II) Divide the central web in two parts and make 
the section as shown in Fig. 19, shapes B or C, 



EXAMPLE. 



To illustrate the use of the formulas established, let 
us undertake to solve the following prpblem : 

To determine the maximum transverse section of a 
beam of uniform strength field horizontally at one end and 
loaded vertically at the other. The weight of the beam is 
not to be taken into consideration and the following data 
are furnished : 

Length of beam = 100 inches = Z, 

Load applied =40,000 = P. 

Modulus of elasticity = 28,000,000 = E, 

Allowable fiber stress = 15,000 pounds per square 

inch = /. 

L L 
Allowable deflection = — = — . 

400 n 

Deflection coefficient depending on shape of beam 

2 

=r -- = m. 

3 
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. SOLUTION. 



Right of section = H. 
By formula (7) 



^ m ii> n 



Hence 



2 X I*;, 000 o„ 
/r=-- . — . — — . 100 X 400 = 21.428 : 

3 2 28,000,000 

say /r= 21^". 

Bending moment, 

Moment of inertia, 
Hence 

^^21.5x40.000x100 ^ ggg gg_ 

2 X 15,000 

Moment of resistance, 

/ 2/ 2 X 2,866.66 ^^ ^, 

— = — = ' = 266.66> 

a H 21.5 

If the section is made rectangular 

/ BH'' 



a 



Whence 



^ = ^ = 3.4613" 
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Area of section, 

A = BJf= 3.461.3 X 21.5 = 74.418 square inches. 

In the case of an I section the area, as per formula 
(28), would be 

A=H*- VJf'- 12 1. 
Hence 



A = (21.5)' — 4/(21.5)* — 12 X 2866.66 = 38.85 sq. inches. 

By comparing these two values we see how advan- 
tageous the I section is, its area being about one-half 
that of the rectangular section. If we adopt the former, 
it remains to determine the thickness of the web and the 
sizes of the flanges, for the hight of section is the same 
in both cases. 

Thickness of the web, as per formula (29). 



— 4 / 9<^ ^ ^ _ V 96 X 40,000 X 21.5 
~" ^ n^ E "" ^ ^' X 28,000,000 

/= 0.6685''. 

The distance h between flanges. Fig. 25, is given by 
equation (31): 



Hence 



A - lill 4/ (12 X2,866.66)-(o.6685X 21.5') _ 3X21.5'. 
^- i~^^ 38.85-(o.6685X2i.5) 4 

A = 17.31"- 
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From equation (30) we obtain : 

^^ A-tk ^ 38.85 - (.6685 X 17-31) _ 
~ H-h 21.5 — 17.31 

And finally, 

^ = * + /=: 5.818 + 0.6685 =6.5 



..L| 



FIG. 25. 



PHACTICAL EXAMPLR. 



The section is now completely determined (see Fig. 25) 
and the problem is solved. However, the sizes obtained 
through the formulas — such as the thickness of the web, 
for instance — may have to be modified to facilitate the 
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process of manufacture. Fillets may be provided at the 
junctions of the \veb and the flanges; the angles may 
be rounded,' etc. ; but we have found in a simple man- 
ner, and without hesitation, the safe and economical 
limits which are of all importance in this case. 

If any one, thoughtlessly, were to make the section 
rectangular and of the same area as that found for the 
I shape, he would have cause for regret, as we will 
presently see. 

By introducing the value of ^ ^= B H into the equa- 

BH^ 



6 



tion of the bending moment PL =y 

we have F L z=z A f — -, 

whence 

6FL 6 X 40,000 X 100 _ ^g ., 
Af 38.85 X 15,000 ^ ^ 

j._ A _ 38.85 _,,,, 
^-'^-4^8i-°-943- 

The moment of inertia /, taken with respect to the 
vertical axis of the section is : 

/ = ^'^ ^ (Q>943)'x 41.1 85 ^^30^ 
* 12 12 

The moment of inertia L^ required to insure safety 
against lateral collapse may be derived from equation : 

FL'' z=z — EL}. 
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Employing a factor of safety of 2 , we have : 

* 

^. ^ P L^ 8 X 40,000 X 100 X 100 _ 

/ * = 1 = ^—^ — = 10.58. 

* n^ E n^ X 28,000,000 

Comparing the values of I^ and /, we see that the 
latter is nearly four times too small and that the beam, 
if made with such a rectangular section, would imme- 
diately collapse when the load is applied. 

But as originally designed, with a hight H = 21.^^^ 
and base B = 3.46'', the moment of inertia /^ would be: 

/.= ^^-^^>'r"-^ = 74.39. 

and the beam would have ample strength to resist lateral 
collapse. 

As for the I section, its moment of inertia /^ is: 

^"" 12 

Hence 



_ (6.51' - .6685') (21.5 - 17.31) -h (21.5 X .6685*) 

12 

/, = 95.706. 

This value insures perfect security against lateral col- 
lapse. 
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THE SHAPE OF THE BEAM. 

For a beam of length L rigidly held at one end and 
supporting at the other a load -P producing flexure only, 
the bending moment Px for any section distant a length 
X from the point of application of the load is equal to 

the moment of resistance / — of the section. As we 

a 

have seen previously, this is expressed by equation 
(i): Px=^f — in which ;ir is a quantity varying from 

zero at the loaded point to L at the holding point. 
P being constant, it follows that the second term 
must vary in order to preserve the equation. If we 

make / a constant, the modulus of section — will 

a 

vary directly as x and the beam in such a case is 

called a solid uniform resistance. If — is made con- 

a 

stant, the section of the beam is uniform throughout 
the length. The area A of the transverse section fluc- 
tuates in the same manner as — and is therefore great- 
est for the value of this latter corresponding to jr =^ Z. 

For ;r = ^ we have — = o and the area A =^ o. But as 

a 

the load must have a support, the end of the beam. 
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instead of having a sectional area = o^ is always made 
substantial enough to resist the vertical shearing pro- 
duced by the load. Apart from this consideration we 
can see that a beam has a lesser volume when made of 
uniform strength instead of with a uniform section. 

The preceding remarks are well known and are exten- 
sively developed in text-books. The quantity — is inde- 

a 

terminate in this sense that it applies to any form of 
section, regular or otherwise, and consequently it shows 
that a beam can be made uniformly strong in an infinity 
of manners. It does not follow that the volume will 
remain constant whatever is the shape selected for the 
beam ; on the contrary, variations in shape generally 
cause variations of volume. Since this latter may vary 
so widely there must be a certain shape for which the 
volume of the beam is a minimum. The truth of this 
assertion is well established and for plain transverse sec- 
tioned beams the shape having the lesser volume can 
be mathematically determined — and with ease. For 
instance, in Reuleaux*s Constructor there are shown 
fifteen forms of beams of uniform resistance to flexure, 
togetljer with the equations of the shape and of the 
volume of each solid. The largest or main section being 
calculated and the shape of the beam selected, this lat- 
ter may be delineated a^ccording to the proper equation, 
thus saving the trouble to calculate a great number of 
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sections by a cut and try method.' The fifteen forms 
given by Reuleaux are meant only for beams of rectan- 
gular section, but we will see later on that they can be 
utilized for any form of section, under certain conditions. 
Among them, that which has a minimum volume, has a 
section with a constant hight H and a varying width B, 

It is not so easy to proceed when the form of the 
section is a complicated one — like I or T, for instance. 
Each section to be calculated must generally be roughly 
estimated at first, and finally determined by successive 
approximations. The work involved by this process is, 
of course, very tedious, and the results obtained thereby 
have not all the exactness that could be desired. 

In the following the writer gives a new law which 
which will be found of great help to the delineator, in 
that it will enable him to determine rapidly and rigor- 
ously the form of any beam of uniform strength. 



THE NEW LAW. 

The maximum transverse section of a beam of length 
L being divided {rightly conceived as such for the purpose 
of delineating only, the adherefice of the parts being unaf- 
fected) into ajiy number of parts — equal y similar, or 
otherivise : 
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1. Any one part may be treated independently of the 
others J provided that the same form of treatment is applied 
to the others one by one or altogether ; 

2. Each part may be considered as the trajtsverse sec- 
tion of a beam or elementary prism of length L ; 

3. The size of the transverse section of such a prism 
at any point along L depends only on the value of the bend- 
ing moment Fx at that point ; 

4. Consequently each prism will be of uniform strength^ 
and the combination of all the prisms or the solid beam 
will also be of uniform strength. 




FIG. 26. 



DEMONSTRATION. 



Let Fig. 26 represent a beam held at one end and 
loaded at the other. For simplicity's sake the transverse 
section is made rectangular and the equation of the 
bending moment is, as we have seen before, 



I04 FLEXURE OF BEAMS. 

If we make the hight H constant, the stress y being 
cpnstant — since the beam must be of uniform strength — 
we have for the value of B at any section distant a 
length X from the point of application of the load : 

B =^ K x^ where K = constant = 



H must be determined at first for the maximum sec- 

tion where ^ = Z, then we see that B varies directly 

as X, and, since B = Kx, is the equation of a straight 

line, the plan or top view of the beam will be, as shown, 

a rectilinear triangle. If B is the width of the maia 

L L 2 L 
section for x =^ L then for x = — , — , — , etc., the 

323 

width of the sections will be respectively — , — , , etc. 

323 

Now let the rectangle CDEF represent the main 

section, NN^ is the neutral axis and M M^ the vertical 

axis. We may conceive this section as being the sum 

of the two rectangles CMM^E and MDFM^ equal to 

one another, each of which is the section of a prism of 

hight Hy base B^ and length Z, sustaining at one end a 

p 
load - or half the total load. Keeping the hight H 
2 

constant, the width B^ of each prism for any length x 
will be 
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Kx 



the sum of the widths will be 



.^. = ,(^)=^, 



or just what we had previously for a whole prism of the 
same length. 

It is evident that the section being divided into 4ny 
number — say, an infinity— of rectangles of same hight Hy 
if all are treated similarly, the sum of the widths of the 
prisms will be equal to that B of the solid prism for any 
length X, . - ^ 

We can prove in the same manner that if the section 
is divided into.any number of parts the constant hight H 
will equal the sum of the individual hights of these 
parts, and the width B will likewise equal the sum of 
the individual widths. This case is so simple that no 
demonstration is necessary. 

Let us now make the width B constant throughout 
the length Z, then for any length x we will have : 



Zr» = -^> whence H = \ -^ = ^a ^, 



where K^ = constant = y . 

By means of this equation we can delineate the shape 
of the solid prism, the elevation of which is shown in 
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Fig. 27, the top and bottom contour lines being para, 
bolcts. Should one of the contour lines be made straight 
— as is often the case in practice — the other would be a 
parabola, but the hight of a section at a given point 
would remain the same in either case. 

Since B is constant, if we divide the section into any 
number of rectangles, the sum of the widths of the 




prisms thus formed will be a constant throughout the 
length and equal to B. 

Before preceding further let us recall the equation 
expressing the moment of inertia of a section taken with 
respect to an axis lying in the same plane, as shown in 
Fig- 28, The center of gravity of section abed is dis- 
tant a length R from the given axis NN^. In treatises 
on applied mechanics it is shown that the moment of 
inertia / taken with respect to A' A', equals the inertia 
moment i of the section abed, plus the product of the 
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sectional area A by the square of the radius of gira- 
tion Ry or : 

I=i+AR'. (32) 

' As an example, let us find the moment of inertia of 
the rectangular section of the beam shown in Fig. 26. 
If we conceive the section as divided into two equal 
parts by the neutral axis N N^, then, according to for- 
mula (32), we have for the upper part : 



— = —.(— 1+^. — X 

2 12 \ 2 / 2 



[-=(fn 



1*-4b-»1 



H_ 
1 

t 

H_ 

4 






3 



2 . 



BJI' 



■-? 



24 



The moment of inertia of the 
ij I lower part has the same value, and 
^~; k their sum is, as we know: 






i' z=,(.^>.( 



..±. 



BIT 

24 



) - - -- • 



I 

FIG. 29. 



If a rectangular section having 

a moment of mertia / = was 

12 



divided into four parts, as shown in Fig. 29, the moment 
of each part, beginning from the top, would be : 



BH* 



BH^ 



BH 



BH' 



12 X 64* 12 X 64' 12 X 27* 12 X 216' 
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The radii of giration are respectively : 

• J?, = f Zr, R^ = \H, R^ = \H, R^=z ^H, 

The moments of inertia of these parts with respect 
to N N^ are respectively: 

4 64 16 12 10 

/, = 2 X — — ^' = — . =i — 7 

 '^ '' ^ ' 4 64 10 12 16 



12 X 64 


BH^ 


12 X 64 


Bff' 


12 X 27 


BH* 



BH I __, 4 ^^' 4 ^ 

4 36 27 12 ^7 

^--. ^ZT 25 „, 19 BH^ 19^ 

* 12 X 216 6 144 54 12 54 



Total) ^^* 

/ f = • • • ^17- ^ ^ 



We can easily conclude without further proof that 
the moment of inertia of a section, whatever may be its 
shape, is equal to the sum of the individual moments of 
its parts. 

For the present case equation (i), Px =/" — may be 

a 



written : 



P ^ = {h±h±^i±i<\ 



and if the section had been divided into a number n of 
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parts such that the moments of inertia of these with 
respect to N N^ be equal to one another, we would have, 



Px= /*'''' 



a 

Hence, were it wanted to calculate the longitudinal 
dimensions of each prism, it would be correct to write: 

X =/ . 

n a 

In other words, each part furnishes its quota of molecu- 
lar resistance according to the value of its moment of 
inertia, and, corresponding to this, the bending moment 
for this part is equal to the total bending moment 
divided by the total moment of inertia and multiplied 
by the moment of inertia of the part considered. For 
instance, for the top part of the rectangular section just 
considered, we would have : 

I a 16 

Taking again equation (i) for the maximum section 
we have: 

and for any other section : 
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whence 






{ll) 



If we designate by i and i^ the moments of inertia of 
a part corresponding respectively to L and x, we have : 

iPL ^ i iPx ^ i 



I a I a 



1 



whence by combining these expressions: 



X __ i^ a 



(34) 



L i a^ 

comparing equations (33) and (34), we have: 

X ^ I^ a /, a 

L ^ I ' a^ / * a^ 
whence 

J t t t 

T = t°--/=7;- (35) 

This point is exceedingly important, for we see now 
that for two positions L and or, the moments of inertia 
total I and /^ and the partial moments i and \ bear the 

same ratio • thus, if we write -^ =z m^ we have also 



t 

If we call i^ and i^ the moments of inertia proper of 
the partial section referred to its own axis and corre- 



FLEXURE OF BEAMS iir 

spending respectively to L and x, we have by equa- 
tion (32): 

/ = /; + (area X ^'), 

/; = //+ (area, X^\). 
Since 

t 

whence 

/\ = i^m + (area x- -^') m. 

Let us make 

bh' , ., bh' , 






and /V = -^— ^ = ^. ^. 



•""12 ' 12 

Then 

X t\a a i 12 



12 
whence 



^ AR^a^xz:^ AR''{aLm-a^x)\ 



but 



hence 



a Lm — a^x ■=■ Oy 



^.-Cf^)"-!^^) 



• 
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and, finally, 

Now, if we remark that : 

^ BH^ . bh^ H 

I = /. = — - a = — 

12 • 12 2 

I ^?^1 /■=^^* a =^ 

* 12 • 12 * 2 

.and also that, in the present case, we have assumed the 
width B to remain constant, we arrive at the conclu- 
sion that : 

Generally it is preferable to use the expression : 

L BH^ bh^ \aj\/) ^^'^ 

•which means that any partial section b h, howci'cr small ^ 
^will vary throughout the length of the beam in the same 
proportion as the main section BH. This curious con- 
clusion would be of little value in the case of a beam of 
rectangular section, because the variation of the section — 
as a whole — at different points lengthwise can be easily 
plotted, but it becomes valuable when it can be proved 
to hold good for a beam of any transverse section, as 
%vill be illustrated in the second of the following exam- 
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y 

pies. This ends the demonstration, but in order to help 
the understanding of it and also to show fully the great 
advantages to be derived from the application of this 
new law, two practical examples are given herewith. 



FIRST EXAMPLE. 

Let the main transverse section — at the point of sup- 
port — of a beam of length L, held horizontally at one end 
and holding at the other a load P, be rectangular and 
divided^ as shown in Fig. 29. Find the dimensions of the 
partial and main sections at three places corresponding 

L L ^L 
respectively to x = — , — , — — , the thickness B of the 

424 

beam remaining constant, 

SOLUTION. 

Fig. 27 represents "a" longitudinal elevation of the 
beam, lines MO and M^ O being the outlines of the beam ; 
lines CO, DO and NO are the outlines of the partial 
longitudinal sections of the beam, corresponding to the 
partial -transverse sections. Line NO is al§a the neu- 
tral axis« 

Let us find at first the hight ^of the sections at the 
points considered : 
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"S 



The maximum bending moment is PL =y — — - , and 

B H^ 

for any length x we have Pa: =/* — ^ ^ , whence 



BH^' 



The width j5 being constant, we have 



X 






Solving for the unknown quantity H^, we have : 



H,=.H \/±. 



Then, ior x = — 

4 


L 

2 


^^-^v , 


^ 2 


H 

2 


0.707 H 



H 



/\ 



o.see/jT 



Now, for any partial section, we also have 



^■ = ^r X 




X 



si6 
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These figures are not absolutely necessary to estab- 
lish the proof, but were needed for making the drawing 
of Fig. 27. The hight H being composed of four parts, 
if we multiply each of these by a common factor, the 
sum of the products is equal to the product of the whole 
hight by said factor ; thus : 

= H — + — )x 2 = i5rx 2. 

\ 4 4 3 6 / 



SECOND EXAMPLE. 

Let the main section of the beam be of \-shape, as 
shown in Fig, 30. Find the dimensions of the main and 

partial sections for ^ = — , — , — L. i^ the width re- 

424 

maining constant ; 2^, the hight remaining constant; 
3^, the width varying in a determined manner, 

SOLUTION I. 

A first glance at the proposed transverse section 
reveals the fact that the material comprising the beam 
resists in a different degree compressive or tensile 
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stresses. Effectively the material is so distributed 
throughout the section that the upper part — resisting 
tensile stresses — has a lesser maximum stress/^ than the 
lower part, which works in compression (/^). (The 
intensity of the stresses developed in the beam varies as 
the distance of the part considered from the neutral 
axis.) But this fact does not hinder us in any way; on 
the contrary, it will render the proof of the law more 
palpable. 

We may divide the main section into four parts : Two 
above the neutral axis, i,e,, the top flange (10x2 
inches), the web (2 x 6|^)inches) ; and two below the 
axis, i, e,, the web (2 x 9^ inches), and the lower flange 
^6x2 inches). Since it is required that the width is to 
remain constant, we will make the top and bottom 
flanges and the web respectively 10, 6 and 2 inches wide 
throughout the length. 

We will multiply the main hight of each partial sec- 
tion successively by i^l, V\, Vh clnd,with the products 
obtained as ordinates and f Z, ^Z, \L respectively as 
abscissae, points will be determined through which con- 
tour lines will be drawn as shown in Fig. 31. The 
resulting transverse sections are shown in dotted lines at 
their respective places. The Tables of transverse sec- 
tions given herewith prove beyond doubt that the sim- 
ple method employed for this solution is correct. 

It should be understood that the case just treated is 
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TABLES OF TRANSVERSE SECTIONS. EXAMPLE II, CASE I. 
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taken as an example only to prove the law, as the 
resulting shape may be found very inconvenient and 
difficult of execution. 



SOLUTION 2. 

The hight remaining constant, the widths of the 
flanges and web will taper gradually to a line at the 
place of application of the load, theoretically, just as in 
Fig. 26. The volume of the beam will then be a mini- 
mum, and by adopting this shape for the solution of the 
initial (simple) problem — see Part I. — our task is at 
an end. 

SOLUTION 3. 

The problem requires that the width vary in a deter- 
mined manner. Let us assume that the widths of the 
flanges and web taper in the same and direct manner 

from B at the point of support to — = ^0 ^^ ^^ loaded 

'J 

end, or in the ratio of 3 to i. For any length x the 
width B^ will be : 

B^^{B^ ^J J 4- ^. (38) 

The contour lines of the widths being straight, no 
calculations are necessary for delineating; but to obtain 
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the hights at various points equation (38) must be used- 
somewhat transformed — as will be seen presently. 
From equation (37) we have: 

replacing B^^ by its value as above, and solving for H, 
we have : 



Thus the dimensions of the upper flange for x -=- \L^ 
would be : 

/ 10 X 0-75-^ 

The other dimensions can be obtained just as easily 
as this one, and it is unnecessary to proceed further, for 
the method is too simple to need additional proof of its 
correctness. 

If the widths were made to vary in a different man • 
ner, it would suffice to introduce in formula (37) the 
equation of the variation of the width — whatever it might 
be — and to solve for H^, as we have done. 
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Gr^hical processes may be used with advantage 
instead of calcxiiations, and much time can be saved 
thereby, 

VVe can e^ily see now that all the shapes convenient 
for beams of uniform strength and of rectangular section 
are also suitable for beams having complex sections, 
provid€d all the parts of tlu sections be treated in the same 
manner throughout the beam. 

In concluding this long series of articles the writer 
believes that the solution of the simple problem is as 
complete in its elementary form as up-to-date knowledge 
can make it. But, after all, the problem was only used 
as a pretext to show the necessity of making conscien- 
tious investigations in order to increase our knowledge 
of the laws governing the resistance of materials. 
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AND:^S, LOUIS. Vegetable Fats and Oils, Their Prac- 
tical Preparation, Purification and Employment for various Purposes. 
Their Properties, .Adulteration and Examination, A Hand Book for 
Oil Manufacturers and Kefiners, Candle, Soap and Lubricating Oil 
Manufacturers and the Oil and Fat Industry in general. Translated 
from the German. With 94 illustrations. 8vo, cloth $4.00 

; — Animal Fats and Oils. Their Practical Produc- 

ion. Purification and Uses for a great varieW of purposes, their 
Properties, Falsification and Examination. A Hand Book for Manu- 
facturers of Oil and Fat Products, Soap »nd Candle Makers, Agricul- 
turists, Tanners, etc. Translated by Chailes Salter. With 62 illus- 
trations. 8vo, cloth nety $4.00 



- Drying Oils, Boiled Oil, and Solid and Liquid 

Driers. A practical work for manufacturers of Oils, Varnishes, Print- 
ing Inks, Oil-cloth and Linoleum, Oil-cakes, Paints, etc. 8vo, cloth, 
illustrated $5.00 

Iron Corrosion, Anti-fouling and Anti-corrosive 



Paints. Translated from the German by Charles Salter. Illustrated 
with engravings and half- tone cuts. 8vo, cloth, illustrated.. ne^ $4.00 

ARNOLD, Dr. R. Ammonia and Ammonium Com- 
pounds. A Practical Manual for Manufacturers, Chemists, Gas En- 
gineers and Drysalters. Second Edition. 12mo, cloth $2.00 

ARNOLD, E. Armature Windings of Direct Current 

Dynamos. Extension and Application of a General Winding Bule. 
Translated from the original German by Francis B. DeGress, M. E. 
With numerous illustrations. 8vo, cloth $2.00 

Art of Dyeing Wool, Silk and Cotton. Translated 

from the French of M. Hellott, M. Macquer and M. Le Pileur 
D'Apligny. First published in English in 1789. 8vo, cloth, illus- 
trated net, $2.00 

ATKINSON, Prof. A. A. {Ohio Unirersity) Electrical 

and Magnetic Calculations, for the use of Electrical Engineers and 

Artisans, Teachers, Students and all others interested in the Theory 

and Application of Electricity and Magnetism. 8vo, cloth, illus- 

. trated net, $1.50 
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ATKtNSON, PHILIP. The Elements of Electric Light- 
ing, including Electric Generation, Measurement, Storage, and Dis- 
tribution. Tenth Edition, Fully revised and new matter added. 
Illustrated. 12mo, cloth $1.50 

- — The Elements of Dynamic Electricity and Mag- 
netism. Third Edition, 120 illustrations. 12mo, cloth . .$2.00 

Power Transmitted by Electricity and its Appli- 
cation by the Electric Motor, including Electric Railway CoDstruc- 
tioii. Illustrated. 12mo, cloth. Third edition fully revised, new 
matter added $2.00 

Elements of Static Electricity, with full description 

of the Holtz and Topler Machines, and their mode of operating. 
Illustrated. 12mo, cloth $1.50 

AUCHINCLOSS, W. S. Link and Valve Motions 

Simplified. Illustrated with 29 woodcuts and 20 lithographic plates, 
together with a Travel Scale, and numerous useful tables. Fourteenth 
Edition, revised. 8vo, cloth $2.00 

AXON, W. E. A. The Mechanic's Friend. A Collection 

of Receipts and Practical Suggestions relating to Aquaria, Bronzing, 
Cements, Drawing, Dyes, Electricity, Gilding, Glass-working, Glues, 
Horology, Lacquers, Locomotives, Magnetism, Metal-working, Mod- 
elling, Photography, Pyroteclmy, Railways, Solders, Steam-Engine, 
Telegraphy, Taxidermy, Varnishes, Waterproofing, and Miscellaneous 
Tools, Instruments, Machines, and Processes connected with . the 
Chemical and Mechanic Arts. With numerous diagrams and woodcuts. 
12mo, cloth, illustrated $1.50 

AYRTON, W. E. (M. I. C. E.) Practical Electricity : a 

Laboratory and Lecture course for the first y«ar students of Electrical 
Engineering, based on the Internatianal Definitions of the Electrical 
Units. Vol. I, Current, Pressure, Resistance, Energy, Power and 
Cells. Completely re- written and containing many figures and dia- 
grams. 12mo, cloth $2.00 

AYRTON, HERTHA. The Electrical Arc. With nu- 
merous figures, diagrams and plates. 8vo, cloth, illustrated $5.00 

BACON, F. W. A Treatise on the Richards Steam- 
Engine Indicator, with directions for its use. By Charles T. Porter. 
Revised, with notes and large additions as developed by American 
practice ; with an appendix containing useful formulsB and rules for 
engineers. Illustrated. Fourth Edition, 12mo, cloth $1.00 

BADT, F. B. New Dynamo Tenders Hand-Book. 

With 140 illustrations. 18mo, cloth $1.00 

Bell Hangers' Hand-Book. With 97 illustrations. 

Second Edition. 18mo, cloth $1.00 
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BADT. F. B. Incandescent Wiring Hand-Book. With 

35 illnstrations and five tables. Fifth Edition, 18mo, oloth,...$1.00 

Electric Transmission Hand-Book. With 22 Il- 
lustrations and 27 Tables. 18mo, cloth $1.00 

BAKER, M. N. Potable Water and Methods of De- 
tecting Impurities. 16mo. ( Van Noatrand'a Science Series,).. .60 

BALCH, COL. GEO. T. Methods of Teaching Patriot- 
ism in the Public Schools. 8vo, cloth $1 . 00 

BAIiE, M. P. Pumps and Pumping. A Hand Book for 

Pump Users. 12mo, cloth $1.60 

B ABBA. J. The Use of Steel for Constructive Purposes. 

Method of Working, Applying, and Testing Plates and Bars. With a 
Preface by A. L. Holley, O.E. 12mo, cloth $1.50 

BARKER, ARTHUR H. Graphic Methods of Engine 

Design. Including a Graphical Treatment of the Balancing of 
Engines. 12mo, cloth $1.60 

BARNARD, F. A. P. Report on Machinery and Pro- 
cesses of the Industrial Arts and Apparatus of the Exact Sciences at 
the Paris Universal Exposition, 1867. 162 illustrations and 8 folding 
plates. 8vo, cloth $5.00 

BARNARD, JOHN H. The Naval Militiaman's Guide. 

Full leather, pocket form $1.25 

BARRIJS, GEO. H. Boiler Tests : Embracing the re- 
sults of oue hundred and thirty seven evaporative tests, made on sev 
enty-one boilers, conducted by the author. 8vo, cloth $3.00 

Engine Tests ; embracing the results of over one 

hundred feed- water tests and other investigations of various kinds oi 
steam engines, conducted by the author. With numerous figures, ta 

bles and diagrams. 8vo, cloth, illustrated $4.00 

The two books sent prepaid for $6.00 

BARWISE, SIDNEY, M. D., London. The Purifica- 
tion of Sewage. Being a brief account of the Scientific Principles ot 
Sewage Purification and their Practical Application. 12mo, cloth. 
Illustrated : $2.00 

The Bacterial Purification of Sewage. Being a 

Practical Account of the various Modem Biological Methods of Puri- 
fying Sewage. With plates and diagrams. 8vo, cloth, illustrated. 
.net, 82.60 
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BATJMEISTEB, R. The Oleaning and Sewerage of 

Cities. Adapted from the German with permission of the author. 
By J. M. Goodell, C. E. Second edition, revised and corrected, 
together with an additional appendix. 8yo, cloth. Illustrated . . $2 00 

BEAUMONT, ROBERT. Color in Woven Design. 

With 32 colored Plates and numerous original illustrations. Large, 
12mo $7.60 

BEECH, FRANKLIN. Dyeing of Cotton Fabrics! A 

Practical Handbook for the Dyer and Student. Containing numerous 
recipes for the production on Cotton Fabrics of all ^inds, of a great 
range of colours, thus making it of great service in the dye house, 
while to the student it is of value in that the scientific principles 
which underlie the operations of dyeing are clearly laid down. With 
44 illustrations of Bleaching and Dyeing Machinery. 8vo, cloth, 
illustrated net. ^.00 

BECKWITH, ARTHUR. Pottery. Observations on 

the Materials and Manufacture of Terra-Cotta, Stoneware, Fire-Brick, 
Porcelain, Earthenware, Brick, Majolica, and Encaustic Tiles. 8vo, 
paper. Second Edition 60 

BEQTRUP, JULIUS, M. E. The SUde Valve and its 

Functions. With Special Reference to Modern Practice in the United 
States. With numerous diagrams and figures. 8v6, cloth, illustrated. 
In Press, 

BERNTHSEN, A. A Text-Book of Organic Chemistry. 

Translated by George M'Gowan, Ph.D. Fourth English Edition, 
Bevised and extended by author and translator. Illustrated. ]2mo, 
cloth $2.50 

BERSCH Dr. JOSEF. Manufacture of Mineral and 

Lake Pigments ; containing directions, for the manufacture of all 
artificial artists' and painters' colours, enamel colours, soot and metallic 
pigments. A text book for Manufacturers, Merchants, Artists and 
Painters. Translated from the second revised edition by Arthur C. 
Wright, M. A. 8vo, cloth, illustrated net, $5.00 

BERTIN, li. E. Marine Boilers : Their Construction 

and Working, dealing more especially with Tubulous Boilers. Trans- 
lated by Leslie S. Robertson, Assoc. M. Inst., C. E., M. I. Mech. E., 
M. I. N. A., containing upward of 250 illustrations. Preface by Sir 
William White, K. C. B. , F. R. S. , Director of Naval Construction to 
the Admiralty, and assistant Controller of the Navy. 8vo, cloth. 
Illustrated. 4S7 pp $7.50 

BIGGS, C. H. W. First Principles of Electricity 

and Magnetism. A book for beginners in practical work, containing 
a good deal of useful information not usually to be found in similar 
books. With numerous tables and 3^3 diagrams and figures. J2mo, 
cloth, illustrated $2.00 

BINNS, CHAS. F. Manual of Practical Potting. 

Compiled by Experts. Third edition, revised and enlarged, 8vo, 
cloth net, $7.50 
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BINNS, CHAS. F. Ceramic Technology ; being some 

aspects of Technical Science as applied to Pottery Manufacture. 
8vo, cloth .' net, $".00 

BliAKE, W. P. Report upon the Precious Metals. 

Being Statistical Notices of the principal Gold and Silver producing 
regions of the world, represented at the Paris Universal Exposition. 
8vo, cloth $2.00 

BliAKESLET, T. H. Alternating Currents of Elec- 
tricity. For the use of Students and Engineers. Third Edition, en- 
larged, 12mo, cloth $1.50 

BLYTH, A. W YNTER, M.B.C.S.. F.C.S. Foods : their 

Composition and Analysis. A Manual for the use of Analytical Chemists, 
with an Introductory Essay on the History of Adulterations, with nu- 
merous tables and illustrations. Fourth Edition, revised and en- 
larged, 8vo, doth $7.50 

Poisons : their Effects and Detection. A Manual 

for the use of Analytical Chemists and Experts, with an Introductory 
Essay on the growth of Modem Toxicology. Third Edition, revised 
and enlarged. 8vo, cloth $7.50 

BODMER, G. B. Hydraulic Motors and Turbines 

For the use of Engineers, Manufacturers, and Students. Third Edi- 
tion, revised and enlarged. With 192 illustrations. 12mo, 
cloth ^ $5.00 

BOIIiEAIJ, J. T. A New and Complete Set of Trav*- 

erse Tables, Showing the Difference of Latitude and Departure of every 
minute of the Quadrant and to five places of decimals. 8vo, cloth. $5. 00 

BONNET, a. E. The Electro-Platers' Hand Book. 

A Manual for Amateurs and Toung Students on Electro-Metallurgy. 
60 Illustrations. 12mo, cloth $1.20 

BOTTONE, S. B. Electrical Instrument Making for 

Amateurs. A Practical Handbook. With 48 illustrations. Fifth 
Edition, revised, 12mo, cloth 50 

Electric Bells, and all about them. A Practical 

Book for Practical Men. With more than 100 illustrations. 12mo, 
cloth. Fourth Edition, revised and enlarged .50 

The Dynamo: How Made and How Used. A 

Book for Amateurs. Eighth Edition, 12m o, cloth $1.00 

Electro Motors : How Made and How TJsed. A 

Hand Book for Amateurs and Practical Men. Second Edition, 
12mo, cloth 75 

B0XTBB7, EMILE. Treatises on Ceramic Industries ; 

a Complete Manual for Pottery, Tile and Brick Works. Translated 
from the French by Wilton P. Rix. With 323 figures and illustra- 
tions. 8vo, cloth, fllustrated net, $7.50 
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BOW, B. H. A Treatise on Bracing. With its applica- 
tion to Bridges and other Structures of Wood or Iron. 156 illustra- 
tions. 8vo, cloth $1.50 

BOWIE, AUG. J., Jim., M. E. A Practical Treatise on 

Hydraulic Mining in California. With Description of thie Use and 
Construction of Ditches, Flumes, Wrought-iron Pipes and Dams; 
Flow of Water on Heavy Grades, and its Applicability, under High 
Pressure, to Mining. Fifth Edition, Small quarto, cloth. Illus- 
trated $5.00 

BOWSER, Prof. E. A. An Elementary Treatise on 

Analytic (geometry. Embracing Plane Geometry, and an Intro- 
duction to Geometry of three Dimensions. 12mo, cloth. Twenty- 
first Edition $1.75 

An Elementcunr Treatise on the Differential and 

Integral Calculus. With numerous examples. 12mo, cloth. Seven- 
teenth Edition $2.25 

An Elementary Treatise on Analytic Mechanics. 

With numerous examples. 12mo, cloth. Fourteenth Edition, .$3.00 

An Elementary Treatise on Hydro-Mechanics. 

With numerous examples. 12mo, cloth. Fifth Edition $2.50 

A Treatise on Roofs and Bridges. With Numerous 

Exercises. Especially adapted for school use. 12mo, cloth. Illus- 
trated net $2.25 

Academic Algebra. Third Edition, 12mo, cloth... $1.25 

College Algebra. Fourth Edition. 12mo, cloth $1.76 

Elements of Plane and Solid Geometry. 12mo, 

cloth. Second Edition $1.40 

BR ASSET'S Naval Annual for 1902. Edited by 

John Leland With numerous full page diagrams, half-tone ilhis., 
and tables. 8vo, cloth, illustrated .net, $6.0*) 

BROWN, WM. N. The Art of Enamelling on Metal. 

With figures and illustrations. 12mo. cloth, illustrated $1.00 

Handbook on Japanning and Enamelling, for 

Cycles, Bedsteads, Tinware, etc. 12mo, cloth, illustrated .. ne^, $1.50 

House Decorating and Fainting. With numerous 

illustrations. 12mo, clotb net^ $1.50 

- History of Decorative Art. With Designs and 

illustrations. 12mo, cloth net, $1.25 

- Principle and Practice of Dipping, Burnishing, 

Lacquering and Bronzing Brass Ware. 12mo, oloth $1.00 
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BROWN, WM. N. Workshop Wrinkles for Decora- 
tors, Painters, Paper Hangers and Others. 8vo, cloth $1.00 

BUCHANAN, E. E. Tables of Squares; containing 

the square of every foot, inch and sixteenth of an inch between one 
sixteenth of an inch and fifty feet. For Engineers and Calculators. 
16mo, oblong, cloth $1.00 

BXTBGH, N. P. Modem Marine Engineering, applied 

to Paddle and Screw Propulsion. Consisting of 36 colored plates, 259 
practical woodcut illustrations, and 403 pages of descriptive matter. 
The whole being an exposition of the present practice of James Watt 
& Co., J. & G. Eennie, R. Napier & Sons, and other celebrated firms. 
Thick quarto, half morocco $10.00 

BTTRT,^ W. A. Key to the Solar Compass, and Survey- 
or's Companion. Comprising all the rules necessary for use in the 
field ; also description of the Linear Surveys and Public Land System 
of the United States, Notes on the Barometer, Suggestions for an Out- 
fit for a Survey of Four Montlis, etc. Seventh Edition. Pocket size 
full leather $2.60 

CALDWELIi, a. C, and A. A. BBENEMAN. Manual 

of Introductory Chemical Practice. For the use of Students 
in Colleges and Normal and High Schools. Fourth Edition revised 
and corrected. 8vo, cloth, fllustrated $1.50 

CAMPIN, FRANCIS. On the Construction of Iron 

Roofs. A Theoretical and Practical Treatise, with wood-cuts and 
Plates of r.oofs recently executed. 8vo, cloth $2.00 

CARTER, E. T. Motive Power and Gearing for Elec- 
trical Machinery. A Treatise on the Theory and Practice of the 
Mechanical Equipment of Power Stations for Electric supply and for 
Electric Traction. 8vo, cloth. Illustrated $5.00 

CATHCART, PROF. WM. LEDYARD. Columbia Uni^ 
veraity. Marine Engine Design In Press. 

Machine Elements ; Shrinkage and Pressure 

Joints In Pr(ss. 

Stationary Engine Design In Frees, 

CHAMBER'S MATHEMATICAL TABLES, consist- 
ing of logarithms of Numbers 1 to 108,000, Trigonometrical, Nautical 
and other tables. New Edition. 8vo, cloth $1.75 

CHARPENTIER, PAUL. Timber ; a Comprehensive 

— ^ Study of Wood in all its Aspects ; Commercial and Botanical. Show- 
ing the Different Applications and Uses of Timber in Various Trades, 
etc. Translated into English. Svo, cloth, illustrated. 437 pp.. ne^, $6.00 

CHAXJVENET, Prof. W. New Method of Correcting 

Lunar Distances, and Improved Method of Finding the Error and 
Rate of a Chronometer, by Equal Altitudes. 8vo, cloth $2 00 
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CHRISTIE, W. WALLACE. Chimney Design and 

Theory. A Book for Engineers and Architects, with numerous half- 
tone illustrations and plates of famous chimneys. Second edition, 
revised. 8vo, cloth S3.00 

Furnace Draft ; its Production by Mechanical 

Methods. A Handy Reference Book, with figures and tables. 16mo, 
limp cloth, illustrated $0.50 

CHURCH, JOHN A. Notes of a Metallurgical Journey 

in Europe. 8vo, cloth $2.00 

CLAPPERTON, GEO. Practical Paper-making; a 

Manual for Paper- makers and Owners and Managers of Paper Mills, 
to which is appended useful tables, calculations, data, etc. , with illus- 
trations reproduced from micro-photographs. 12mo, cloth, illus- 
trated : $2.50 

CLARK, D. KINNEAR, C.E. A Manual of Rules, 

Tables and Data for Mechanical Engineers. Based on the most recent 
investigations. Illustrated with numerous diagrams. 1,012 pages. 

8vo, cloth, Sixth Edition $5.00 

Half morocco $7.50 

Fuel ; its Combustion and Economy, consisting of 

abridgements of Treatise on the Combustion of Coal. By C. W. 
Williams; and the Economy of Fuel, by T. S. Prideaux. With 
extensive additions in recent practice in the Combustion and Economy 
of Fuel, Coal, Coke, Wood. Peat, Petroleum, etc. Fourth Edition, 
12mo, cloth $1.50 

The Mechanical Engineer's Pocket Book of 

Tables, Formulas, Rules and Data. A Handy Book of Reference 
for Daily Use in Engineering Practice. 16mo, morocco. Second 
Edition $3.00 

Tram-ways; their Construction and Working, Em- 
bracing a comprehensive history of the system, with accounts of the 
various modes of traction, a description of the varieties of rolling 
stock, and ample details of Cost and Working Expenses. Second 
Edition. Re-written and greatly enlarged, with upivards of 400 
illustrations. Thick 8vo, cloth :$9 00 

CLARK, JACOB M. A new System of Laying Out 

Railway Turn-outs instantly, by inspection from tables. 12mo, leath- 
erette $1.00 

CLATJSEN-THUE, W. The ABC Umversal Com- 
mercial Electric Telegraphic Code ; specially adapted for the use of 
Financiers, Merchants, Ship-owners, Brokers, Agent, etc. Fourth 
Edition. 8vo, cloth. $5.00 

Fifth EHtion of same $7.00 



CLATJSEN-THUE, W. 

Electric Telegraphic Code, 
tions. 8vo, cloth 



The Al Universal Commercial 

Over 1240 pp., and nearly 90,000 varia- 
$7.50 



CLEEMANN, THOS. M. The Railroad Engineer's 

Practice. Bein^ a Short but Complete Description of the Daties of 
the Young Engineer in the Prelimary and Location Surveys and in 
Construction. 4th ed., revised and enlarged. Illus. 12mo, cloth SI. 50 

CLEVENGEB, S. B. A Treatise on the Method of 

Government Surveying as prescribed by the U. S. Congress and 
Commissioner of the General Land Office, \*'ith complete Mathe- 
matical, Astronomical and Practical Instructions for the use of the 
United States Surveyors in the field. 16mo, morocco $2.50 

COFFIN, Prof. J. H. C. Navigation and Nautical As- 
tronomy. Prepared for the use of the U. S. Naval Academy. New 
edition: Bevised by Commander Charles Belknap. 52 woodcut illus- 
trations. 12mo, cloth netf $3.50 

COLE, B. S., M. A. A Treatise on Photographic Optics. 

Being an account of the Principles of Optics, so far as they apply to 
Photography. 12mo, cloth. 103 ill ustrationsand folding plates. $2. 50 

COLLINS, JAS. E. The Private Book of XTsefiil Alloys 

and Memoranda for Gk)ldsmiths, Jewelers, etc. 18mo, cloth 50 

COOPER, W. R., M. A. Primary Batteries ; their 

Construction and Use. With numerous figures and diagrams. 8vo, 
cloth, illustrated net, $4.00 

CORNWALL, Prof. H. B. Manual of Blow-pipe An- 
alysis, Qualitative and Quantitative. With a Complete System of 
Determinative Mineralogy. 8vo, cloth, with many illustrations. .$2.50 

COWELL, W. B. Pure Air, Ozone and Water; a 

Practical Treatise of their Utilization and Value in Oil, Grease, Soap, 
Paint, Glue and other Industries. With tables and figures. 12mo, 
oloth, illustrated net. $2.00 

CBAIG, B. F. Weights and Measures. An account of 

the Decimal System, with Tables of Conversion for Commercial and 
Scientific Uses. Square 32mo, limp cloth 50 

CROCKER, F. B. Electric Lighting. A Practical Ex- 
position of the Art. For use of Engineers, Students, and others inter- 
ested in the Installation or Operation of Electrical Plants. Vol. I. 
The Generating Plant. Fourth Edition, revised, 8vo, cloth, illus- 
trated $3.00 

Vol. n. Distributing Systems and Lamps. Second edition, 8vo, cl., 
illustrated $3.00 
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CBOCKEB, F. B., and S. S. WHEELER. The Practical 

Management of Dynamos and Motors. Fifth Edition^ {Eleventh 
thousand) revised and enlarged. With a special chapter by H. A. 
Foster. 12mo, cloth, illustrated ^1.00 

DAVIES, E. H. Machinery for Metalliferous Mines. 

A Practical Treatise for Mining Engineers, Metallurgists and Manu- 
facturers. With upwards of 300 illustrations. 8vo, cloth $5.00 

D. C. A Treatise on Metalliferous Minerals and 

Mining. Sixth edition, thoroughly revised and much enlarged by 
his son. 8vo, cloth net, S5.00 

MINING MACHINERY In B-ess. 

DAT, CHASIiES. The Indicator and its Diagrams. 

With Chapters on Engine and Boiler Testing ; Including a Table of 
Piston Constants compiled by W. H. Fowler. 12mo, cloth. 125 
illustrations $2.00 

DENNIT, Q. A. Deep-level Mines of the Band, and 

their future development, considered from the commercial point of 
view. With folding plates, diagrams and tables. 4to, cloth, illus- 
trated. net, $10.00 

DEBR, W. L. Block Signal Operation. A Practical 

Manual. Oblong, cloth. Second Edition $1.50 

DIETEBICH, KABIi. Analysis of Besins, Balsams 

and Gum Besins ; their Chemistry and Pharmacognosis. For the use 
of the Scientific and Technical Eesearoh Chemist. With a Bibliog- 
raphy. Translated from the Oerman, by Chas. Salter. 8vo, cloth. 
net, $3.00 

DIXON, D. B. The Machinist's and Steam Engineer's 

Practical Calculator. A Compilation of Useful Bules and Problems 
arithmeticallv solved, together with General Information applicable 
to Shop-Tools, Mill-Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruction in Screw-cutting, 
Valve and Link Motion, etc. Third edition, 16mo, full morocco, 
pocket form $1 .25 

DODD, GEO. Dictionary of Manufactures, Mining, 

Machinery, and the Industrial Arts. 12mo, cloth $1.50 

DOBB, B. F. The Surveyor's Guide and Pocket Table 

Book. Eifth Edition, Thoroughly revised and greatly extended. 
With a second appendix up to date. 16mo, morocco flaps ^.00 

DRAPER, C. H. An Elementary Text Book of Light, 

Heat and Sound, with Numerous Examples. Fourth edition, 12mo, 
cloth. Illustrated $1.00 
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DRAPER, C. H. Heat and the Principles of Thermo- 

Dynamios. With many illustrations and numerical examples. 12mo, 
cloth $1.50 

DUBOIS, A. J. The New Method of Graphic Statics. 

With 60 niustrations. 8vo, cloth $1.50 

EDDT, Prof. H. T. Researches in Graphical Statics. 

Embracing New Constructions in Graphical Statics, a New General 
Method in Graphical Statics, and the Theory of ]jitemal Stress in 
Graphical Statics. 8vo, cloth $1.50 



Maximnm Stresses under Concentrated Loads. 

Treated graphically. Illustrated. 8vo, cloth $1.50 

EISSLER, M. The Metallurgy of Gold ; a Practical 

Treatise on the Metallurgical Treatment of Gold-feearing Ores, in- 
cluding the Processes of Concentration and Chlorination, and the 
Assaying, Melting and Refining of Gold. Fifth Edition^ revised 
and greatly enlarged. Over 300 illustrations and numerous fold- 
ing plates. 8vo, cloth $7.50 

The Hydro-Metallurgy of Copper. Being an ac- 
count of processes adopted in the Hydro- Metallurgical treatment of 

Cupriferous Ores, including the manufacture of Copper Yitriol. With 
chapters on the sources of supply of Copper and the Roasting of 
Copper Ores. With numerous diagrams and figures. 8vo, cloth, 
illustrated net^ $4.50 

The Metallurgy of Silver; aPrcictical Treatise on 

the Amalgamation, Roasting and Lixivation of Silver Ores, including 
the Assaying, Melting and Refining of Silver Bullion. 124 illustra- 
tions. Second Edition^ enlarged, 8vo, cloth $4.00 

— The Metallurgy of Argentiferous Lead ; a Practical 

Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on Various Smelting Establish- 
ments and Descriptions of Modern Smelting Furnaces and Plants in 
Europe and America. With 183 illustrations. 8vo, cloth $5.00 

Cyanide Process for the Extraction of Gold and its 

Practical Application on the Witwatersrand Gold Fields in South 
Africa. Second edition enlarged. Illustrations and folding plates. 
8vo, cloth $3.00 

A Hand-book on Modem Explosives, being a Prac- 
tical Treatise on the Manufacture and use of Dynamite, Gun Cotton, 
Nitro-Glycerine and other Explosive Compounds, including the man- 
ufacture of Collodion-cotton, with chapters on explosives in practical 
application. Second Edition^ enlarged with 150 illustrations, 
12mo, cloth $5.00 
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ELIOT, C. W., and STOREB, F. H. A Compendious 

Manual of Qualitative Chemical Analysis. Revised with the co-oper- 
ation of the authors, by Prof. William R. Nichols. Illustrated. 
Twentieth Edition, newly revised by Prof, W, B, Lindsay. 
12mo, cloth net $1.25 

ELLIOT, Maj. GEO. H. European Light-House Sys- 
tems. Beinp: a Report of a Tour of Inspection made in 1878. 51 
CDgravings and 21 woodcuts. 8vo, cloth $5.00 

ELLISON, LEWIS M. - Practical Application of the 

Indicator. With reference to the Adjustment of Valve Gear on all 
styles of Engines. Second Edition, revised, 8vo, cloth, 100 illus- 
trations $2.00 

ERFURT, JULIUS. Dyeing of Paper Pulp ; a practi- 
cal treatise for the use of paper-makers, paper-stainers, students and 
others. With illustrations and 157 patterns of paper dyed in the pulp, 
with formulas for each. Translated into English and edited, with ad- 
ditions, by Julius Hubner, P. C. S. 8vo, cloth, illustrated, .net. $7.50 

EVERETT, J. D. Elementary Text-Book of Physics. 

Illustrated. Seventh Edition, 12mo, cloth $1.50 

EWING, Prof. A. J. The Magnetic Induction in Iron 

and other metals. Third edition, revised, 159 illustrations. 8vo, 
cloth $4: 00 

FAIRIE, JAMES, F. G. S. Notes on Lead Ores ; their 

Distribution and Properties. 12mo, cloth $1.00 

Notes on Pottery Clays ; the Distribution, proper- 
ties, Uses and Analysis of Ball Clays, China Clays and China Stone. 
With tables and formulae. 12mo, cloth $1.50 

FANNING, J. T. A Practical Treatise on Hydraulic 

and Water-Supply Engineering. Relating to the Hydrology, Hydro- 
dynamics, and Practical Construction of Water- Works in North 
America. 180 illustrations. 8vo, cloth. Fifteenth Edition, re- 
vised, enlarged, and new tables and illustrations added, 650 
pages ', $5.00 

FISH, J. C. L. Lettering of Working Drawings. Thir- 
teen plates, with descriptive text. Oblong, 9x12^, boards $1.00 

FISKE, Lieut. BRADLET A,, TJ.S.N. Electricity in 

Theory and Practice; or, The Elements of Electrical Engineering. 
Eighth Edition, 8vo, cloth $2.50 

FISHER, H. K. C. and DARBY, W. C. Students' 

;-;;;^ Guide to Submarine Cable Testing. 8vo, cloth $2.50 

FISHER, W. C. The Potentiometer and its Adjuncts. 

8vo, cloth $2.25 
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FLEISCHMANN, W. The Book of the Dairy. AMan- 

- ual of the Science and Practice of Dairy Work. Translated from the 
German, by C. M. Aikman and R. Patrick Wright. 8vo, cloth... $4 00 

FLEMING, Prof. J. A. The Alternate Current Trans- 
former in Theory and Practice. Vol. I — The Induction of Electric 
Currents; 611 pages. New edition. Illustrated. 8vo, cloth. . .$5.00 
Vol. 2. The Utilization of Induced Currents. Illustrated. 8vo, 
cloth $5.00 

Centenary of the Electrical Current, 1799-1899. 

8vo, paper, illustrated 5o 

' Electric Lamps and Electric Lighting. Being a 

course of four lectures delivered at the Royal Institution, April-May, 
1894. 8vo, cloth, luUy illustrated $3.00 

Electrical Laboratory Notes and Forms, Elemen- 
tary and advanced. 4to, cloth, illustrated $5.00 

A Handbook for the Electrical Laboratory and 

Testing Room. Vol. I. 8vo, clotb $5.00 

FOLEY, NELSON and THOS. PRAY, Jr. The 

Mechanical Engineers' Reference Book for Machine and Boiler Con- 
struction, in two parts. Part 1 — General Engineering Data. Part 2 
—Boiler Construction. With fifty-one plates and numerous illustra- 
tions, specially drawn for this work. Folio, lialf morocco $25.00 

FORNEY, MATTHIAS N. Catechism of the Locomo- 

live. Second Edition, revised and enlarged Forty-sixth thousand. 
8vo, cloth ^.50 

FOSTER, Gen. J. G., U.S.A. Submarine Blasting in 

Boston Harbor, Massachusetts. Removal of Tower and Corwin 
Rocks. Illustrated with 7 plates. 4to, cloth $3.50 

FOSTER, H. A. Electrical Engineers' Pocket Book. 

With the Collaboration of Eminent Specialists. A handbook of use- 
ful data for Electricians and Electrical Engineers. With innumerable 
tables, diagrams and figures. Second editiony revised. Pocket size, 
full leather, 1000 pages $5.00 

FOSTER, JAMES. Treatise on the Evaporation of 

Saccharine, Chemical ard other Liquids by the Multiple System in 
Vacuum and Open Air. Second Edition, Diagrams and large 
plates. 8vo, cloth $7.50 

FOX, WM., and C. W. THOMAS, M. K A Practical 

Course in Mechanical Drawing. Second edition^ revised. 12mo, 
cloth with plates $1.25 
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FRANCIS, Jas. B., C.E. Lowell Hydraulic Experi- 
ments, ibeing a seleotion from experiments on Hydraulic Motors, 
on the Flow of Water over Weirs, in open Canals of uniform rec- 
tangular section, and through submerged Orifices and diverging 
Tubes. Made at Lowell, Mass. Fourth edition^ revised and 
enlarged, with many new experiments, and illustrated with 23 
copper- plate engravings. 4:to, cloth $15.00 

FROST, GEO. H. Engineer's Field Book. By C. S. 

Cross. To which are added seven chapters on Railroad Location and 
Construction. Fourth edition, l'2mo, cloth $1.00 

FULLER, GEORGE W. Report on the Investigations 

into the Purificatiun of the Ohio River Water at Louisville, Ken- 
tucky, made to the President and Directors of the Louisville Water 
Company. Published under agreement with the Directors. 3 full 
page plates. 4to, cloth net, $10.00 

GARCKE, EMILE, and J. M. FELLS. Factory Ac- 
counts ; their principles and practice. A handbook for accountants and 
manufacturers, with appendices on the nomenclature of machine de- 
tails, the rating of factories, fire and boiler insurance, the factory and 
workshop acts, eto., including also a large number of specimen rul- 
ings. Entirely new and revised edition. 8vo, cloth, illus../n Press. 

GEIPEL, WM. and KILGOUR, M. H. A Pocketbook 

of Electrical Engineering FormulBB. Illustrated. 18mo, mor. .$3.00 

GERBER, NICHOLAS. Chemical and Physical An- 
alysis of Milk, Condensed Milk and Infant's Milk-Food. 8vo, 
cloth 81.26 

GERHARD, WM. P. Sanitary Engineering. 12mo, 

cloth $1.25 

GESCHWIND, LUCIEN. Manufacture of Alum and 

Salphates, and other Salts of Alumnia and Iron ; their uses and ap- 
plications as mordants in dyeing and calico printing, and their other 
applications in the Arts, Manufactures, Sanitary Engineering, Agri- 
culture and Horticulture. Translated from the French by Charles Sal- 
ter. With tables, figures and diagrams. 8vo, cloth, illus.. .net. $5.00 

GIBBS, WILLIAM E. Lighting by Acetylene, Gen- 
erators, Burners and Electric Furnaces. "With 66 illustrations. Sec- 
ond edition revised. 12mo, cloth $1.50 

GILLMORE, Gen. Q. A. Treatise on Limes, Hyraulic 

Cements, and Mortars. Papers on Practical Engineering, United 
States Engineer Department, No. 9, containing Reports of numerous 
Experiments conducted in New York City during the years 1858 to 
1861, inclusive. With numerous illustrations. 8vo, cloth $4.00 

GILLMORE, Gen. Q. A. Practical Treatise on the Con- 
struction of Boads, Streets, and Pavements. Tenth Edition. With 
70 illustrations. 12mo, cloth , $2.00 
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Report on Strength of the Building Stones in the 

United States, etc. 8vo, illnstrated, cloth $1.00 

QOIiDINa, HENRT A. The Theta-Fhi Diagram. 

Practicallj applied to Steam, Gas, Oil and Air Engines. 12mo, cloth. 
Illustrated net, $1.25 

QOODEVE, T. M. A Text-Book on the Steam-Engine. 

With a Supplement on Gas-Engines. Ti.'elfth Edition^ enlarged, 
143 illustrations. 12mo, cloth '. ^.00 

QOBE, G., F. B. S. The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practical.) Illustrated. 8vo, 
cloth $3.50 

GOULD, E. SHERMAN. The Arithmetic of the Steam 

Engine. 8vo, cloth $1.00 

GRIFFITHS, A. B., Ph.D. A Treatise on Manures, 

or the Philosophy of Manuring. A Practical Hand-Book for the 
Agriculturist, Manufacturer, and Student. 12mo, cloth $3.00 

GBOSS, EMANUEL. Hops, in their Botanical, Agri- 
cultural and Technical Aspect, and as an article of Commerce. Trans- 
lated from the German by Charles Salter. With tables, diagrams and 
illustrations. 8vo, cloth, illustrated net. ^4.50 

GROVER, FREDERICK. Practical Treatise on Mod- 
em Gas and Oil Engines. 8vo, cloth. Illustrated $2 .00 

GRUNER, ANTON. Power-loom Weaving and Yarn 

Numbering, according to various systems, with conversion tables. An 
auxiliary and text-book for pupils of weaving schools, as well as for 
self- instruction, and for general use by those engaged in the weaving 
industry. Illustrated with colored diagrams. 8vo, cloth. . .net. $3.00 

GURDEN, RICHARD LLOYD. Traverse Tables: 

computed to 4 places Decimals for every ^ of angle up to 100 of Dis- 
tance. For the use of Surveyors and Engineers. New Edition. 
Folio, half morocco $7.50 

GUY, ARTHUR F. Electric Light and Power, giving 

the Result of Practical Experience in Central-Station Work. 8vo, 
cloth. Illustrated $2.50 

HAEDER, HERMAN, C. E. A Handbook on the 

Steam Engine. With especial reference to small and medium sized 
engines. English edition, re-edited by the author from the second 
German edition, and translated with considerable additions and alter- 
ations by H. H. P. Powles. 12mo, cloth. Nearly 1100 illus. . $3.00 

HALIi, WM. S. Prof. Elements of the Differential 

and Integral Calculus. Fourth edition^ revised. 8vo, cloth Illus- 
trated net, $2.25 

Descriptive Geometry, with numerous Problems 

and Practical applications. Two vols. (Plates and Text) ...In Press, 
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HALSET, F. A. Slide Valve Qeaxs, an Explanation 

of the action and Construction of Plain and Cut-off Slide Valves. 
Illustrated. 12mo, cloth. Seventh Edition 81.50 

The Use of the Slide Rule. With illustrations and 

folding plates. Second edition, 16mo, boards. {Van Nostrand's 
Science Series^ No. 114=.) $0.50 

The Locomotive Link Motion, with Diagrams and 

Tables. 8vo. cloth, illustrated. . . , $1.00 

Worm and Spiral Gearing. 16mo, cloth, (Van Nos- 

trand*s Science Series, No. 116). Illustrated $0.50 

HAMILTON, W. G. Useftil Information for BaUway 

Men. Tenth Edition^ revised and enlarged. 562 pages, pocket 
form. Morocco, gilt $2.00 

HANCOCK, HERBERT. Text-Book of Mechanics and 

Hydrostatics, with over 500 diagrams. 8vo, cloth $1.75 

HARRISON, W. B. The Mechanics' Tool Book. 

With Practical Rules and Suggestions for use of Machinists, Iron- 
Workers, and others. Illustrated with 44 engravings. 12mo, 
cloth, $1.50 

HART, JOHN W. External' Plumbing Work; a 

Treatise on Lead Work for Koofs. With numerous ligures and dia- 
grams. 8vo, cloth, illustrated $3.00 

— Hints to Plumbers on Joint Wiping, Pipe Bend- 
ing and Lead Burning. ContainiDg 184 figures and diagrams. Svo, 
cloth, illustrated $3.00 

Principles of Hot Water Supply. With numerous 

illustrations. Svo, cloth net, $3. 00 

HASKINS, C. H. The Galvanometer and its Uses. 

A Manual for Electricians and Students. Fourth edition. 12mo, 
cloth $1.50 

HAUFF, W. A. American Multiplier ; Multiplications 

and Divisions of the largest numbers rapidly performed. With index 

giving the results instantly of all numbers to 1000 x 1000 = 1,000,000 ; 

also tables of circumferences and areas of circles. Cloth, 6^ x lb\, 

$5.00 

HAXTSNER, A. Manufacture of Preserved Foods and 

Sweetmeats. A Handbook of all the Processes for the Preservation of 
Flesh, Fruit, and Vegetables, and for the Preparation of Dried Fruit, 
Dried Vegetables, Marmalades, Fruit-Syrups, and Fermented Bever- 
ages, and of all kinds of Candies, Candied Fruit, Sweetmeats, Bocks, 
Drops, Dragees, Pralines, etc. Translated from the Third Enlarged 
Gterman Edition, by Arthur Morris and Herbert Bobson, B. So. Svo, 
oloth, illustrated, 228 pages net^ $3.00 
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HAXTSBBAND, E. Drjring by Means of Air and 

Steam. With explanations, formnlas and tables, for use in practice. 
Translated from tiiie German by A. C. Wright, M. A. 12mo, cloth, 
illustrated $2.00 

HAWKE, WHililAM H. The Premier Cipher Tele- 
graphic Code Contain iog 100,000 Words and Phrases. The most com- 
plete and most useful general code jet published. 4to, doth . $5.00 

100,000 Words Supplement to the Premier Code. 

All the words are selected from the official Tocabulniy. Oblong 
quarto, cloth $4.20 

HAWKINS, C. C, and WALIilS, F. The Dsrnamo; 

its Theory, Design and Manufacture. 190 illustrations, 12mo, cloth, 
$3.00 

HAY, AliFBED. Principles of Alternate - Current 

WorkiDg. 12mo, cloth, illustrated $2.00 

HEAP, Major D. P., XT. S. A. Electrical Appliances of 

the Present Day. Report of the Paris ElectrTcal Exposition of 1881. 
250 illustrations. Svo, cloth $2.00 

HEAVISIDE, OLIVER. Electromagnetic Theory. 

Svo, cloth, two volumes each, $5.00 

HEERMANN, PATTIj. Dyers' Materials: an intro- 
duction to the Examination , Valuation and Application of the most 
important substances used in Dyeing, Printing, Bleaching and Fin- 
ishing. Translated by Arthur C. Wright, M. A. 12mo, cloth, illus- 
trated nety $2.50 

HENBICI, OLAXTS. Skeleton Structures, Applied to 

the Building of Steel and Iron Bridges. 8vo, cl., Illustrated. . $1.50 

HERRMANN, Qustav. The Graphical Statics of 

Mechanism. A Guide for the Use of Machinists, Architects, and 
Engineers ; and also a Text-book for Technical Schools. Translated 
and annotated by A. P. Smith, M. E. 12mo, cloth, 7 folding 
plates. Fourth Edition $2.00 

HERMANN, FELIX. Painting on Glass and Force- 
lain and Enamel Painting. On the Basis of Personal Practical Ex- 
perience of the Condition of the Art up to date. Translated by 
Charles Salter. Second greatly enlarged edition. Svo, cloth. 
Illustrated net^ $3.50 

HERZFEIiD, DR. J. The Technical Testing of Tarns 

and Textile Fabrics, with reference to official specifications. Trans- 
lated by Chas. Salter. With 69 illustrations. 8vo, clotb. .net, $3.50 

HE WSON, WM. Frinciples and Fractice of Embanking 

Lands from Kiver Floods, as appUed to the Levees of the Mississippi. 
Svo, cloth $2.00 
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HILIi, JOHN W. The Purification of PubUc Water 

Supplies. Illustrated with valuable Tables, Diagrams and Outs. 
8vo, cloth, 304 pages S3.00 

HOBBS, W. B. P. The Arithmetic of Electrical Meas- 
urements, with numerous examples, fully worked. Revised by 
Richard Wormell, M. A. Ninth edition, 12mo, cloth $0.50 

HOFF, WM. B., Com. U. S. Navy. The Avoidance of 

Oollisions at Sea. 18mo, morocco .75 

HOLLET, ALEXANDER L. Railway Practice. Ameri- 
can and European Railway practice in the Economical Generation of 
Steam, inducing the Materials and Oonstruction of Ooal-buming 
Boilers, Oombustion, the Variable Blast, Vaporization, Oirculation, 
Superheating, Supplying and H/sating Feed Water, etc., and the 
Adaptation of "Wood and Coke-burning Engines to Ooal-buming ; and 
in Permanent Way, including Road-bed, Sleepers, Rails, Joint Fasten- 
ings, Street Railways, etc. With 77 lithographed plates. Folio, 
cloth. . . : $12.00 

HOLMES, A. BROMLEY. The Electric Light Popu- 
larly Explained. Fifth Edition. Illustrated. 12mo, paper. . .$0.4:0 

HOPKINS, NEVIL M. Model Engines and SmaU 

Boats, New Methods of Engine and Boiler Making with a chapter on 
Elementary Ship Design and Construction. 12mo, cloth $1.25 

HOSPITALIER, E. Polyphased Alternating Currents. 

Illustrated. 8vo, cloth $1.40 

HOWARD, C. R. Earthwork Mensuration on the Basis 

of the Prismoidal Formulae. Oontaining Simple and Labor-saving 
Method of obtaining Prismoidal Oontents directly from End Areas. 
Illustrated by Examples and accompanied l>y Plain Rules for Practi- 
cal Uses. Illustrated. 8vo, cloth $1.50 

HOWORTH, J. Art of Repairing and Riveting Glass, 

Ohina and Earthenware. Second edition, 8vo, pamphlet, illus- 
trated net, $0.50 

HUMBER, WILLIAM, C. E. A Handy Book for the 

Oalculation tA Strains in Girders, and Similar Structures, and their 
Strength ; Oonsisting of Formulae and Oorresponding Diagrams, wiUi 
numerous details for practical application, etc. Fourth Edition, 



12mo, cloth 



.$2.50 



HURST, GEO. H., F. C. S. Color; a Hand-book of 

the Theory of Color. A practical work for the Artist, Art Student, 
Painter, Dyer and Oalico Printer and Others. Illustrated with 10 
colored plates and 72 illustrations. 8vo, cloth $2.50 

Dictionary of Chemicals and Raw Products used 

in tlie Manufacture of Paints, Oolors, Varnishes and Allied Prepara- 
tions. 8vo, cloth net, $3.00 
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HUBST, QEO. H., F. C. S. liubricating Oils, Fats and 

Greases ; Their Origin, Preparation, Properties, Uses and Analysis. 
313 pages, with 65 illustrations. 8vo, cloth net, ^.00 

Soaps ; A Practical Manual of the Manufacture of 

Domestic, Toilet and other Soaps. Illastrated with 66 Engravings. 
8vo, cloth net, $5.00 

HUTCHINSON, W. B. Member of the New York Bar. 
Patents and How to Make Money out of Them. 12mo, cloth. ..$1.25 

HUTTON, W. S. Steam Boiler Construction. A Prac- 
tical Hand Book for Engineers, Boiler Makers and Steam Users. 
Containing a large collection of rules and data relating to recent 
practice in the design, construction, and working of all kinds of 
stationary, locomotive and marine steam-boilers. With upwards of 
500 illustrations. Third Edition, carefully revised and much en- 
larged, 8vo, cloth $6.00 

Prstctical Engineer's Hand-Book, Comprising a 

treatise on Modem Engines and Boilers, Marine, Locomotive and 
Stationary. Fourth Edition. Carefully revised with additions. 
With upwards of 570 illustrations. 8vo, cloth $7.00 

The Works' Manager's Hand-Book of Modem 

Bules, Tables, and Data for Civil and Mechanical Engineers. Mill- 
wrights and Boiler-makers, etc., etc. With upwards of 150 illus- 
trations. Fifth Edition. Carefully revised, with additions. 8vo, 
cloth $6.00 

INNES, CHABLES H. Problems in Machine Design, 

For the Use of Students, Draughtsmen and others. Mcond edition. 
12mo, cloth net, $2.00 

Centrifugal Pumps, Turbines, and Water Motors. 

Including the Theory and Practice of Hydraulics. T/tird and en- 
larged edition. 12mo, cloth net, $2.00 

ISHEBWOOD, B. F. Engineering Precedents for Steam 

Machinery. Arranged in the most practical and useful manner for 
Engineers. With illustrations. 2 vols, in 1. 8vo, cloth $2.50 

JAMESON, CHABLES D. Portland Cement. Its 

Manufacture and Use. 8vo, cloth $1.50 

JAMIESON, ANDBEW. C.E. A Text-Book on Steam 

and Steam-Engines. Specially arranged for the use of Science and 
Art, City and Guilds of London Institute, and other Engineering 
Students. Thirteenth Edition. Illustrated. 12mo, cloth $3.00 

Elementary Manual on Steam and the Steam En- 
gine. Specially arranged for the use of First- Year Science and Art, 
City and Guilds of London Institute, and other Elementary Engineer- 
ing Students. Third Edition. 12mo, cloth $1.50 

JANNETTAZ, EDWABD. A Guide to the Determina- 
tion of Eocks : being an Introduction to Lithology. Translated from 
the French by G. W. Plympton, Professor of Physical Science at 
Brooklyn Polytechnic Institute. 12mo, cloth $1.50 
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JEHIi, FRANCIS. Member A. I. E. E. The manu- 

fucture of Carbons for Electaio Lighting and Other Purposes. A 
Practical Hand-book, giving a complete description of the art of mak- 
ing carbons, electros, etc. The various gas generators and furnaces 
used in carbonising, with a plan for a model factory. Illustrated with 
numerous diagrams, tables and folding plates. 8vo, cloth, illus- 
trated $4.00 

JENNISON, FRANCIS H. The Manufacture of Lake 

Pigments from Artificial Colors. A useful handbook for color manu- 
facturers, dyers, color chemists, paint manufacturers, drysalters, 
wall-paper makers, enamel and surface-paper makers. With fifteen 
plates illustrating the various methods and errors that arise in the 
different processes of production. 8vo, cloth, illustrated . .nety $3.00 

JOHNSTON, Prof. J. F. W., and CAMERON, Sir Chas, 

Elements of Agricultural Chemistry and Geology. Seventeenth Edi- 
tion. 12mo, cloth. $2.60 

JONES, HABRT C. Outlines of Electrochemistry. 

With tables and diagrams. 4to, cloth, illustrated $1.60 

ft 

JONES, M. W. The Testing and Valuation of Raw 

Materials used in Paint and Color Manufacture. 12mo, ch..net $2.00 

JOYNSON, F. H. The Metals used in Construction. 

Iron, Steel, Bessemer Metal, etc. Illustrated. 12mo, cloth 76 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth $2.00 

KANSAS CITY BRIDGE, THE With an Account of 

the Begimen of the Missouri Eiver and a Description of the Methods 
used for Founding in that River. By O. Chanute, Chief Engineer, and 
George Morrison, Assistant Engineer. Illustrated with 5 lithographic 
views and 12 plates of plans. Ito, cloth $6.00 

KAPP, GISBERT, C.E. Electric Transmission of Ener- 
gy and its Transformation, Subdivision, and Distribution. A Practical 
hand-book. Fourth Edition, revised 12mo, cloth $3.50 

Dynamos, Motors, Alternators and Rotary Con- 
verters. Translated from the Third German Edition, by Harold H. 
Simmons, A. M. I. E. E. , with numerous diagrams and figures. 8vo, 
cloth, 507 pages $4.00 

KEMP, JAMES FURMAN, A. B,, E, M, A Hand- 

Book of Bocks ; for use without the microscope. With a glossaij 
of the names of rocks and of other lithological terms. 8vo, cloth, il- 
lustrated $1.50 

KEMFE, H. R. The Electrical Engineer's Pocket 

Book of Modern Bules, FormulsB, Tables and Data. Illustrated. 
32mo. Morocco, gilt $1.76 
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KENNELLT, A. E. Theoretical Elements of Electro- 
Dynamic Machinery. 8vo, cloth $1.50 

KILGOUR, M. H., SWAN, H., and BIGGS, C. H. W. 

Electrical Distribution ; Its Theory and Piactice. 174 Illustrations. 
12mo, cloth $4.00 

KING, W. H. Lessons and Practical Notes on Steam. 

The Steam-Engine, Propellers, etc., for Young Marine Engineers, 
Students, and others. Revised by Chief Engineer J. W. King, United 
States Navy. Nineteenth Edition, enlarged, 8vo, cloth $2.00 

KENGDON, J. A. Applied Magnetism. An introduc- 
tion to the Design of Electromagnetic Apparatus. 8vo, cloth. ..$3.00 

EIBKALDT, 'Wm. G. Illustrations of David Kirk- 

aldy's System of Mechanical Testing, as Originated and Carried On 
by him during a Quarter of a Century. Comprising a Large Selection 
of Tabulated Results, showing the Strength and other Properties of 
Materials used in Construction, with Explanatory Text and Historical 
Sketch. Numerous engravings and 25 lithographed plates. 4to, 
cloth $20.00 

KLKKWOOD, JAS. F. Report on the Filtration of 

Biver Waters for the supply of Cities, as practised in Europe, m cte 
to the Board of Water Commissioners of the city of St. Louis. HIuf- 
trated by 30 double-plate engravings. 4to, doth $7.50 

KNIGHT, AUSTIN M., {Zieutenant- Commander U, S. iV:) 
Modem Seamanship. Illustrated with 136 full page plates and dia- 
grams. 8vo, cloth, illustrated. Second edition, revised. . .net $6.00 
Half morocco $7.50 

EOIiLEB, THEODOR. The Utilization of Waste 

Products. A Treatise on the Bational Utilization, Becovery and 
Treatment of Waste Products of all kinds. Translated from the Ger- 
man Second Bevised Edition. With numerous diagrams. 8vo, cloth, 
illustrated, 280 pages net, $3.50 

liAMBEBT, THOMAS Bone Froducts and Manures: 

an account of the most recent improvements in the manufacture of 
Fat, Glue, Animal Charcoal, Size, Gelatine and Manures. With plans 
and diagrams. 8vo, cloth, Illustrated net $3.00 

LAMFRECHT, ROBERT. Recovery Work after Fit 

Fires; a description of the principal methods puisued, especially m 
fiery mines, and of the various appliances employed, such as respira- 
tory and rescue apparatus, dams, etc. With foldiug plates and dia- 
grams. Translated from the German by Charles Salter. 8vo, cloth, 
illustrated net, $4.00 

LARRABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hog's Improvements. The most perfect Secret 
Code ever invented or discovered. Impossible to read without the 
key. 18mo, cloth 60 
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LASSAR-COHN, Dr. An Introduction to Modern Sci- 
entific Chemistry, in tlie form of popular lectures suited to Universi- 
ty Extension Students and general readers. Translated from the au- 
thor's corrected proofs for the second German edition. By M. M. 
Pattison Muir, M. A. 12mo, cloth, illustrated $2.00 

LEASK, A. RITCHIE. Breakdowns at Sea and How 

to Repair Them. With eigthy-nine illustrations. Second Edition, 
8vo, cloth $2. 00 

Triple and Quadruple Expansion Engines and 

Boilers and their Management. With fifty-nine illustrations. I'hird 
edition^ revised, 12mo, cloth $2.00 

Refrigerating Machinery : Its Principles and Man- 
agement. With sixty-four illustrations. 12mo, cloth $2.00 

liECKY, S. T. S. " Wrinkles '' in Practical Navigation. 

With 130 illustrations. 8vo, cloth Ninth Edition^ revised $8.40 

liEFEVRE, liEON. Architectural Pottery: Bricks, 

Tiles, Pipes, Enameled Terra-Cottas, Ordinary and Incrusted Quar- 
ries, Stoneware Mosaics, Faiences, and Architectural Stoneware. 
With tables, plates and 950 cuts and illustrations. With a preface by 
M. J.-O. Formig^. Translated from the French by K. H. Bird, M. A. 
and W. Moore Binns. 4to, cloth, illustrated net $7.50 

LEHNER, SIGMTJND. Ink Manufacture : including 

Writing, Copying, Lithographic, Marking, StampingJ and Laundry 
Inks. Translated from the Fifth German Edition by Arthur Morris 
and Herbert Bobson, B. Sc. Svo, cloth, illustrated, 162 pages. 
net, $2.50 

LEVY, C. L. Electric Light Primer. A Simple and 

Comprehensive digest of all the most important facts connected with 
the running of the dynamo, aud electric lights, with precautions for 
safety. For the use of persons whose duty it is to look after the 
plant. Svo, paper % .50 

LIVACHE, AC'K.—i fngenieur Civil De<i Mines,) The Man- 
ufacture of Varnishes, Oil Crushing, Refiniog and Boiling and Kind- 
red Industries. Describing the Manufacture and Chemical and Phy- 
sical Properties of Spirit Varnishes and Oil Varnishes ; Raw Mater- 
ials ; Resins ; Solvents and Coloring Principles ; Drying Oils ; their 
Extraction, Properties and Applications, Oil Refining and Boiling ; 
The Manufacture, Employment and Testing of Various Varnishes 
Translated from the French, by John Geddes Mcintosh. Greatly 
extended and adapted to English practice. With numerous 
original recipes, by the translator. Illustrated with cuts and dia- 
grams. 8vo, cloth, illustrated net, $5.00 
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LOBBEN, PEDER, M. E. Machinists' and Draftsmen's 

Hand-Book, containing Tables, Bules and Formulas, with numerous 
examples, explaining the principles of mathematics and mechanics, as 
applied to the mechanical trades. Intended as a reference book for 
all interested in Mechanical work. Illustrated with many cuts and 
diagrams. Svo, cloth $2.50 

LOCKE, ALFRED G. and CHARLES G. A Practical 

Treatise on the Manufacture of Sulphuric Acid. With 77 Construe, 
tive Plates drawn to Scale Measurements, and other Illustrations- 
Royal 8vo, cloth 810.00 

LOCKERT, LOUIS. Petroloum Motor-Cars. 12mo, 

cloth $1.50 

LOCKWOOD, THOS. D. Electricity, Magnetism, and 

Electro-Telegraphy. A Practical Guide for Students, Operators, and 
Inspectors. 8vo, cloth. Third Edition, $2.50 

Electrical Measurement and the Galvanometer ; Its 

Construction and Uses. Second Edition, 32 illustrations. 12mo, 
cloth $1.50 

LODGE, OLIVER J. Elementary Mechanics, includ- 
ing Hydrostatics and Pneumatics. Revised Edition, 12mo, 
cloth $1.50 

LODGE, OLIVER J. Signalling Across Space, With- 
out Wires ; being a description of the work of Hertz and his successors. 
With numerous diagrams and half tone cuts, and additional remarks 
concerning the application to Telegraphy and later developments. 
Third edition, 8vo, cloth, illustrated *. net^ $2.00 

LORD, R. T. Decorative and Fancy Fabrics. A val- 
uable Book with designs and illustrations for manufacturers and de- 
signers of Carpets, JJamask, Dress and all Textile Fabrics. 8vo, 
clotb, illustrated net, $3.50 

LORING, A. E. A Hand-Book of the Electro-Magnetic 

Telegraph. Cloth, boards. New and enlarged edition 50 

LUCE, Com. S. B. Text-Book of Seamanship. The 

Equipping and Handling of Vessels under Sail or Steam. For the 
use of the U. S. Naval Academy. Revised and enlarged edition^ 
by Lt. Wm. S. Benson. 8vo, cloth ^10.00 

LTJNQE, GEORGE. Ph. D. Coal-Tar and Ammonia; 

being the third and enlarged edition of ** A Treatise on the Distilla- 
tion of Coal-tar and Ammouiacal Liquor," with numerous tables, fig- 
ures and diagrams. Thick 8vo, cloth, illustrated net $15.00 

A Theoretical and Practical Treatise on the Man- 
ufacture of Sulphuric Acid and Alkali with the Collateral Branches. 
Vol. I. Sulphuric Acid. Second Edition, Revised and enlarged. 

342 illustrations. 8vo, cloth .$15.00 

Vol. II. Second Edition, revised and enlarged, 8vo, cloth.. $16. 80 
Vol. III. 8vo, cloth. Neiv Edition, 1896 $15.00 
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LTTNQE, aSO., and HXIBTER, F. The AlkaU Maker's 

Pocket Book. Tables and Analytical Methods for Manufacturers of 
Sulphuric Acid, Nitric Acid, Soda, Potash and Ammonia. Second 
Edition, 12mo, cloth $3.00 

LTTQTTEB, LEA McILVAINE, Ph. D. Minerals in 

Rook Sections. The Practical Method of Identifying Minerals in 
Rock Sections with the Microscope. Especially arranged for 
Students in Technical and Sientific Schools. 8vo, cloth. Illus- 
trated neU $1.50 

MACCORD, Prof. C. W. A Practical Treatise on the 

Slide- Valve by Eccentrics, examining by methods the action of the 
Eccentric upon the Slide- Valve, and explaining the practical processes 
of laying out the movements, adapting the Valve for its various 
duties in the Steam-Engine. Second Edition, Illustrated. 4to, 
cloth $2.50 

MACKBOW, CLEMENT. The Naval Architect's and 

Ship-Builder's Pocket- Book of Formulse, Rules and Tables; and 
Engineers' and Surveyors' Handy-Book of Reference. Seventh edi- 
tion. 16mo, limp leather, illustrated $5.00 

MAGUIRE, Capt. EDWARD, IT. S. A. The Attack 

and Defence of Coast Fortifications. With Maps and Numerous 
Illustrations. 8vo, cloth $2.50 

MAGTTIRE, WM. R. Domestic Sanitary Drainage 

and Plumbing Lectures on Practical Sanitation. 332 illustrations. 
8vo $4.00 

MARES, EDWARD C. R. Mechanical Engineering 

Materials : Their Properties and Treatment in Construction. 12mo, 
cloth. Illustrated 60 

Notes on the Construction of Cranes and Lifting 

Machinery. With numerous diagrams and figures. New and en- 
larged edition. 12mo, cloth net, $1.50 

MARKS, Q. C. Hydraulic Power Engineering : a 

Practical Manual on the Concentration and Transmission of Power 
by Hydraulic Machinery. With over two hundred diagrams and 
tables. 8vo, cloth, illustrated $3.50 

MAVER, WM. American Telegraphy : Systems, Ap- 
paratus, Operation. 450 illustrations, 8vo, cloth. $3.50 

MATER, Prof. A. M. Lecture Notes on Physics. 

8vo, cloth $2.00 

McCTTLLOCH, Prof. R. S. Elementary Treatise on 

the Mechanical Theory of Heat, and its application to Air and Steam 
Engines. 8vo, cloth 83.50 
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McNEIIiL, BEDFORD. McNeiU's Code. Arranged 

to meet the requirements of Mining, Metnllargical and Civil Engi- 
neers, Directors of Mining, Smelting and other Companies, Bankers, 
Stock and Share Brokers, Solicitors, Accountants, Financiers, and 
General Merchants. Safety and Secrecy. 8vo, cloth $6.00 

Mcpherson, J. a. {A, M Inst. a B.) waterworks 

Distribution ; a practical guide to the laying out of systems of distrib- 
uting mains for the supply of water to cities and towns. With tables, 
folding plates and numerous full-page di^igrams. 8vo, cloth, ill. $2.50 

MERRITT, WM. HAMILTON. Field Testing for 

Gold and {Silver. A Practical Manual for Prospectors and Miners. 
With numerous half-tone cuts, figures and tables. I6mo, limp 
leather, Illustrated $1.50 

METAIi TURNINa. By a Foreman Pattern Maker. 

Illustrated with 81 engravings. 12mo, cloth $1.50 

mCHELL, STEPHEN. Mine Drainage ; being a com- 

plete Practical Treatise on Direct- Acting Underground Steam Pump- 
ing Machinery. Containing many folding plates, diagrams and tables. 
Second edition^ re-ufritten and enlarged. Thick, 8vo, cloth, illus. 
$10.00 

MTNIFIE, WM. Mechanical Drawing. A Textbook of 

Geometrical Drawing for the use of Mechanics and Schools, in which 
the Definitions and Rulen of Geometry are familiarly explained ; the 
Practical Problems are arranged from the most simple to the more 
complex, and in their description technicalities are avoided as much as 
possible. With illustrations for Drawing Plans, Sections, and Eleva- 
tions of Railways and Machinery ; an Introduction to Isometrical Draw- 
ing, and an Essay on Linear Perspective and Shadows. Illustrated with 
over 200 diagrams engraved on steel. Ninth thousand. With an 
appendix on me Theory and Application of Colors. 8vo, cloth. .$4.00 

G-eometrical Drawing. Abridged from the Octavo 

edition, for the use of schools. Illustrated with 48 steel plates. 
Ninth edition, 12mo, cloth $2.00 

MODERN METEOROLOGT. A Series of Six Lectures, 

delivered under the auspices of the Meteorological Society in 1870. 
Illustrated. 12mo, cloth $1.50 

MOORE, E. C. S. New Tables for the Complete Solu- 
tion of Ganguillet and Kutter's Formula for the flow of liquids in 
open channels, pipes, sewers and conduits. In two parts. Part I, 
arranged for 1,080 inclinations from 1 over 1, to 1 over 21,120 for 
fifteen different values of (w). Part II, for use with all other values 
of (n). With large folding diagram. 8vo, cloth, illustrated. . net, $5.00 

MOREING^ C. A., and NEAL, THOMAS. New Gen- 
eral and Mming Telegraph Code. 676 pages alphabetically arranged. 
For the use of mining companies, mining engineers, stockbrokers, 
financial agents, and trust and finance companies. 8vo, cloth. . .$8.40 
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MOSES, ALFRED J., and PARSONS, C. L. Elements 

of Mineralogy, Crystallography and Blowpipe Analysis from a prac- 
tical standpoint. Second Thousand. 8vo, cloth, 336 illus..ne<, $2.00 

MOSES, ALFRED J. The Characters of Crystals. 

An Introduction to Physical Crystallography, containing 321 Illustra- 
tions and Diagrams. 8vo, 211 pp net, $2.00 

MT7LLIN, JOSEPH P., M.E. Modem Moulding and 

Pattern-Making, A Practical Treatise upon Pattem-Shop and Foun- 
dry Work : embracing the Moulding of Pulleys, Spur Gears, Worm 
Gears, Balance- Wheels, Stationary Engine and Locomotive Cylinders, 
Globe Valves, Tool Work, Mining Machinery, Screw Propellers, Pat- 
tem-Shop Machinery, and the latest improvements in English and 
American Cupolas; together with a large collection of original and 
carefully selected Rules and Tables for every-day use in the Drawing 
Office, Pattem-Shop and Foundry. 12mo, cloth, illustrated. . . .$2.50 

MUNSO^ JOHN, C.E., and JAMIESON, ANDREW, 

C. E. A Focketbook of Electrical Bules and Tables for the 
use of Electricians and ihigineers. Fifteenth edition, revised 
and enlarged. With numerous diagrams. Pocket size. Leather. $2. 50 



MURPHY, J. G., M.E. Practical Mining. A Field 

Manual for Mining Engineers. With Hints for Investors in Mining 
Properties. 16mo, morocco tucks 81.00 

NAQT7ET, A. Legal Chemistry. A Gnide to the Detec- 
tion of Poisons, Falsification of Writings, Adulteration of Alimentary 
and Pharmaceutical Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemical Jurisprudence, 
for the use of Chemists, Physicians, Lawyers, Pharmacists and Experts. 
Translated, with additions, includinjg a list of books and memoirs on 
Toxicology, etc., from the French, by J. P. Battershall, Ph.D., with a 
preface by C. F. Chandler, Ph.D., M.D., LL.D. 12mo, cloth. .$2.00 

NASMITH, JOSEPH, The Student's Cotton Spinning. 

Third edition, revised and. enlarged, 8vo, cloth, 622 pages, 250 
illustrations $3.00 



NETTBTTBQEB, HENRY and HENRI NOALHAT. 

Technology of Petroleum. The Oil Fields of the World ; their His- 
tory, Geography and Geology. Annual Production, Prospection and 
Development. Oil-well Drilling, Transportation of Petroleum by 
land and sea. Storage of Petroleum.* With 153 illustrations and 25 
plates. Translated from the French by John Geddes Mcintosh. 8vo, 
cloth, illustrated net, $10.00 

NEWALL, JOHN W. Plain Practical Directions for 

Drawing, Sizing and Cutting Bevel-Gears, showing how the Teeth 
may be cut in a Plain Milling Machine or Gear Cutter so as to give 
them a correct shape from end to end ; and showing how to get out 
all particulars for the Workshop without making any Drawings. 
Including a Full Set of Tables of Reference. Folding Plates. 8vo, 
cloth $1.50 
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NEWLANDS, JAMES. The Carpenters' and Joiners' 

Assistant : being a Comprehensive Treatise on the Selection, Prepara- 
tion and Strength of Materials, and the Mechanical Principles of 
Framing, with their application in Carpentry, Joinery, and Hand- 
Bailing ; also, a Complete Treatise on Sines ; and an illustrated Glos- 
sary of Terms used in Architecture and Building. Illustrated. Folio, 
half morocco $15.00 

NIFHER, FRANCIS E., A.M. Theory of Magnetic 

Measurements, with an appendix on the Method of Least Squares. 
12mo, cloth $1.00 

NTTQENT, E. Treatise on Optics; or, Li^ght and Sight 

theoreticalljr and practically treated, "with the application to Fine Art 
and Industrial Pursuits. With 103 illustrations. 12mo, cloth. . .Jl. 50 

O'CONNOR, HENRY. The Gas Engineer'}^ Pocket 

Book. Comprising Tables, Notes and Memoranda; relating to the 
Manufacture, Distribution and Use of Coal Gas and the Construc- 
tion of Gas Works. Second edition^ revised, 12mo, full leather, gilt 
edges $3.50 

OSBORN, FRANK 0. Tables of Moments of Inertia, 

and Squares of Badii of Gyration; Supplemented by others on the 
Ultimate and Safe Strength of Wrought Iron Columns, Safe Strength 
of Timber Beams, and Constants for readily obtaining the Shearing 
Stresses, Beactions, and Bending Moments in Swing Bridges. 12mo, 
leather $3.00 

OSTERBERQ, MAX. Synopsis of Current Electrical 

Literature, compiled from Technical Journals and Magazines during 
1895. 8vo, cloth 81.00 

OTJDIN, Maurice A. Standard Polyphase Apparatus 

ftnd Systems. With many diagrams and figures. Third edition, 
thoroughly revised. Fully Illustrated $3.00 

PAGE, DAVID. The Earth's Crust, A Handy Out- 
line of Geology. 16mo, cloth 75 

PALAZ, A., ScD. A Treatise on Industrial Photome- 
try, with special application to Electric Lighting. Authorized trans- 
lation from the French by George W. Patterson, Jr. Second edition^ 
revised, 8vo, cloth. Illustrated $4.00 

PABBY, ERNEST J., B. Sc. The Chemistry of Essen- 
tial Oils and Artificial Perfumes. Being an attempt to group together 
the more important of the published facts connected with the subject ; 
also giving an outline of the principles involved in the preparation and 
analysis of Essential Oils. With numerous diagrams and tables. 
8vo, cloth, illustrated net. $5.00 
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PAKRT, LEONARD A., M. D. The Risks and Dan- 
gers of YariouB Occupations and their Prevention. A book that 
should be in the hands of manufacturers, the medical profession, 
sanitary inspectors, medical officers of health, managers of works, 
foremen and workmen. 8vo, clotb net $3.00 

PARSHAIiL, H. F., and HOB ART, H. M. Armature 

Windings of Electric Machines. With 140 full page plates, 65 ta- 
bles, and 165 pages of descriptive letter-press. 4to, cloth $7.50 

PARSHAIiL, H. F., and EVAN PARRY. Electrical 

Equipment of Tramways {In Press,) 

PATERSON, DAVID, F. 0. S. The Color Printing of 

Carpet Yarns ; a useful manual for color chemists and textile printers. 
With numerous illustrations. 8yo, cloth, illustrated net, $3.50 

Colour Matching on Textiles; a Manual intended 

for the use of Dyers, Calico Printers and Textile Coloured Chemists. 
Containing coloured frontispiece and 9 illustrations, and 14 dyed pat- 
terns in appendix. Svo, cloth, illustrated net, $3.00 

— » The Science of Color Mixing ; a manual intended 

for the use of Dyers, Calico Printers and Color Chemists. With fig- 
ures, tables and colored plate. 8vo, cloth, illustrated net, $3.00 

PEIRCE, B. System of Analytic Mechanics. 4to, 

cloth 810.00 

Linear Associative Algebra. New edition with addenda 

and notes by C. L. Pierce. 4to, cloth $4.00 

PERRINE, F. A. C, A. M., D. Sc. Conductors for Elec- 
trical Distribution ; Their Manufacture and Materials, the Calcula- 
tion of Circuits, Pole Line Construction, Underground Working and 
other Uses In Press. 

PERR7, JOHN. Applied Mechanics. A Treatise for 

the use of students who have time to work experimental, numerical 
and graphical exercises illustrating the subject. 8yo, cloth, 650 
pages net, $2.50 

PHILLIPS, JOSHUA. Engineering Chemistry. A 

Practical Treatise for the use of Analytical Chemists, Engineers, Iron 
Masters, Iron Founders, students and others. Comprising methods 
of Analysis and Valuation of the principal materials used in Engin- 
eering works, with numerous Analyses, Examples and Suggestions, 
illustrated. Third edition, revised and enlarged, 8vo, cloth. .$4.50 

PICKWORTH, CHAS. N. The Indicator Hand Book. 

A Practical Manual for Engineers. Part I. The Indicator : Its 
Construction and Application. 81 illustrations. 12mo, cloth. . .$1.50 
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PICKWORTH, CHAS. N. The Indicator Handbook. 

Part II. The Id dicatur Diagram; Its Analysis and Calculation. 
With tables and figures. l'.:mo, cloth, illustrated $1.50 

The Slide Rule. A Practical Manual of Instruc- 
tion for all Users of the Modem Tvpe of Slide Rule, containing Suo- 
oint Explanation of the Principle of Slide Rule Computation, to- 
gether with Numerous Rules and Practical Illustrations, exhibiting 
the Application of the Instrument to the Everyday Work of the 
Enprineer — Civil, Mechanical and Electrical. Seventh edition. 12mo, 
flexible cloth $1.00 

PLANE TABLE, The. Its Uses in Topographical Sur- 
veying. From the Papers of the United States Coast Survey. 

Illustrated. 8vo, cloth $2.00 

**This work gives a description of the Plane Table employed at the 
United States Coast Survey office, and the manner of using it." 

PLANTS, GASTON. The Storage of Electrical Energy, 

and Researches in the Effects created by Currents, combining Quan- 
tity with High Tension. Translated Irom the French by Paul B. 
Elwell. 89 illustrations. 8vo $4.00 

PLATTNER'S Manual of Qualitative and Quantitative 

Analysis with the Blow-Pipe. Eighth edition, revised. Trans- 
lated by Henry B. Cornwall, E. M. Ph. D. , assisted by John H. Cas- 
weJl, A. M. From the sixth German edition, by Prof. Friederick 
Kolbeck. Illustrated with 87 woodcuts. 463 pages. 8vo, cloth. 
net, 84.00 

PLYMPTON, Prof. GEO. W. The Aneroid Barometer : 

Its Construction and Use. Compiled from several sources. Eighth 

edition, revised arid enlarged. 16mo, boards, illustrated $0.50 

Morocco, ^1.00 

POCKET LOGARITHMS, to Four Places of Decimals, 

including Logarithms of Numbers, and Logarithmic Sines and Tan- 
gents to Single Minutes. To which is added a Table of Natural 
Sines, Tangents, and Co-Tangents. 16mo, boards 50 

POPE, F. L. Modem Practice of the Electric Tele- 
graph. A Technical Hand-Book for Electricians, Managers and 
Operators. Fifteenth edition, rewritten and enlarged, and fully 
illustrated. 8vo, cloth $1.50 

POPPLEWELL, W. C. Elementary Treatise on Heat 

and Heat Engines. Specially adapted for engineers and students of 
engineering. 12mo, cloth, illustrated $3.00 

Prevention of Smoke, combined with the Economi- 
cal Combustion of Fuel. "With diagrams, figures and tables. 8vo, 
cloth, illustrated net, $3.50 

POWLES, H. H. Steam Boilers {In Press.) 
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PRAY, Jr., THOMAS. Twenty Years with the In- 
dicator; being a Practical Text-Book for the Engineer or the Student, 
with no complex Formulae. Illustrated. 8vo, cloth $2.50 

Steam Tables and Engine Constant. Compiled 

from Begnault, Bankine and Dixon directly, making use of the exact 
records. 8vo, cloth $2.00 

Practical Compounding of Oils, Tallow and Grease, for 

Lubrication, etc., by an Expert Oil Befiner. 8vo, cloth . . .net^ $3.50 

PRACTICAL IRON FOUNDING. By the author of 

"Pattern Making," <fec., &c. Illustrated with over one hundred 
engravings. Third edition. 12mo, cloth $1.50 

PREECE, W. H. Electric Lamps {In Press.) 

PRELINI, CHARLES., C. E. Tunneling; a Practical 

Treatise containing 149 Working Drawings and Figures. With addi- 
tions by Cbarles S. Hill, C. E., Associate Editor ** Engineering 
News." 311 pages. Second edition, revised. 8vo, cloth, illustrated. 
$3. GO 

PREECE, W. H., and STUBBS, A. T. Manual of Tele- 
phony. Illustrations and plates. 12mo, cloth $4.50 

PREMIER CODE. (See Hawke, Wm. H.) 
PRESCOTT, Prof. A. B. Organic Analysis. A Manual 

of the Descriptive and Analytical Chemistry of certain Carbon Com- 
pounds in Common Use ; a Guide in the Qnalitative and Quantitative 
Analysis of Organic Materials in Commercial and Pharmaceutical 
Assays, in the estimation of Impurities under Authorized Standards, 
and in Forensic Examinations for Poisons, with Directions for Ele- 
mentary Organic Analysis. Fifth edition. 8vo, cloth $5.00 

Outlines of Proximate Organic Analysis, for the 

Identification, Separation, and Quantitative Determination of the 
more commonly occurring Organic Compounds. Fourth edition, 
12mo, cloth $1.75 

PRESCOTT, A. B., and E. C. SULLIVAN. (Univers- 
ity of Michigan) . First Book in Qualitative Chemistry. For Studies 
of Water Solution and Mass Action. Eleventh edition, entirely re- 
written. 12mo, cloth net, $1.50 

and OTIS COE JOHNSON. Qualitative Chemical 

Analysis. A Guide in the Practical Study of Chemistry and in the 
work of Analysis. Fifth revised and enlarged edition, entirely re- 
written. With Descriptive Chemistry extended throughout..ne< $3.50 

PRITCHARD, O. O. The Manufacture of Electric 

Light Carbons. Dlustrated. 8vo, paper. . .' 60 
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PT7LLEN, W. W. F. Application of Graphic Methods 

to the Design of Structures. Specially prepared for the use of En- 
gineers. A Treatment by Graphic Methods of tl e Forces and Princi- 
ples necessary for consideration in the Design of Engineering Struc- 
tures, Hoofs, Bridges, Trusses, Framed Structures, Wells, Dams, 
Chimneys and Masonry Structures. 12mo, cloth. Profusely Illus- 
trated net, $2.50 

PUIiSIFEB, W. H. Notes for a History of Lead. 8yo, 

doth, gilt top $4.00 

PT7TSCH, ALBERT. Gas and Coal Dust Firing; a 

critical review of the various appliances patented in Germany 'for this 
purpose since 1885. With diagrams and figures. Translated from 
the Q«rman by Charles Salter. 8vo, cloth, illustrated. . ..net, $3.00 

PYNCHON, Prof. T. B. Introduction to Chemical 

Physics, designed for the use of Academies, Colleges, and High 
Schools. Illustrated with numerous engravings, and containing copious 
experiments with directions for preparing them. New edition, re- 
vised and enlarged, and illustrated by 269 illustrations ou wood. 
8vo, cloth $3.00 

RADFORD, Liout. C7RT7S. S. Handbook on Naval 

Gunnery. Prepared by Authority of the Navy Department. For the 
use of U. S. Navy, U. S. Marine Corps and U. S. Naval Reserves. 
Revised and enlarged, with the assistance of Stokely Morgan, Lieut. 
U. S. N. Fifth edition, revised and enlarged. 12mo, flexible 
leather $2.00 

RAFTER, QEO. W. and M. N. BAKER. Sewage Dis- 

Disposal in the United States. Illustrations, and folding plates. 
Third edition. 8vo, cloth $6.00 

RAM, QILBERT S. The Incandescent Lamp and its 

Manufacture. 8vo. , cloth $3.00 

RANDALL, J. E. A Practical Treatise on the Incan- 
descent Lamp. Illustrated. 16mo, cloth 50 

RANDALL, P. M. Quartz Operator's Hand-book. 

lifew edition, revised and enlarged, fully illustrated. 12mo, 
cloth $2.00 

RANDATJ, PAUL. Enamels and Enamelling; an 

introduction to the preparation and application of all kinds of enamels 
for technical and artistic purposes. For enamel makers, workers in 
gold and silver, and manufacturers of objects of art. Third German 
edition. Translated by Charles Salter. With figures, diagrams and 
tables. 8vo, cJoth, illustrated net. $4.00 

RANKINE, W. J. MACQT70RN. Applied Mechanics. 

Comprising the Principles of Statics and Cinematics, and Theory 
of Structures, Mechanism, and Machines. With numerous diagrams. 
Sixteenth edition. Thoroughly revised by W. J. Millar. 8vo, 
cloth ; $6.00 
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BANKINE, W. J. MACQT70RN. CivU Engineering. 

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, 
Carpentry, Metal- Work, Eoads, Railways, Canals, River?, Water- 
Works, Harbors, etc. With numerous tables and illustrations. 
Twenty 'first edition. Thoroughly revised by W. J. Millar. 8vo, 
cloth $6.50 

Machinery and Millwork. Comprising the Geom- 
etry, Motions, Work, Strength, Construption, and Objects of 
Machines, etc. Illustrated with nearly 30(1 woodcuts. Seventh edi- 
tion. Thoroughly revised by W. J. Millar. 8vo, cloth S^.OO 

The Steam-Engine and Other Prime Movers. With 

diagram of the Mechanical Properties of Steam, folding plates, 
numerous tables and illustrations. Fourteenth edition. Thoroughly 
revised by W. J. Millar. 8vo, cloth ^.00 

TTsefol Rules and Tables for Engineers and Others. 

With appendix, tables, tests, and f ormulsB for the use of Electrical 
Engineers. Comprising Submarine Electrical Engineering, Electric 
Lighting, and Transmission of Power. By Andrew Jamieson, C.E., 
F.R.S.E. Seventh edition. Thoroughly revised by W. J. Millar. 
8vo, cloth. $4.00 

A Mechanical Text Book. By Prof. MacquornRankine 

and E. F.B amber, C. E. With numerous illustrations. Fourth 
edition, 8vo, cloth ^.50 

RAPHAEL, F. C. Localization of Faults in Electric 

Light Mains. 8vo, cloth $2.00 

BECIPES FOB THE COLOR, Paint, Varnish, Oil, Soap 

and Drysaltery Trades. Compiled by an Analytical Chemist. 8vo, 
cloth $3.50 

RECIPES FOR FLINT GLASS MAKINQ. Being 

leaves from the mixing book of several experts in the Flint Glass 
Trade. Containing up-to-date recipes and valuable information as to 
Crystal, Demi-Crystal and Colored Glass in its many varieties. It con- 
tains the recipes for cheap metal suited to pressing, blowing, etc. , as 
well as the most costly Cyrstal and Ruby. British manufacturers have 
kept up the quality of this glass from the arrival of the Venetians to 
Hungry Hill, Stourbridge, up to the present time. The book also 
contains remarks as to the result of the metal as it left the pots by 
the respective metal mixers, taken from their own memoranda upon 
the originals. Compiled by a British Glass Master and Mixer. 12mo, 
cloth net, $4.50 

RECKENZAUN, A. Electric Traction on Railways 

and Tramways. 213 Hlustrations, 12mo, cloth $4.00 

REED'S ENGINEERS' HAND-BOOK, to the Local 

Marine Board Examinations for Certificates of Competency as First 
and Second Class Engineers. By W. H. Thorn. With the answers 
to ilie Elementary Questions. Illustrated by 358 diagrams and 37 large 
plates. Seventeenth edition, revised and enlarged, 8yo, cloth. ,ffiM 
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BEED'S Key to the Seventeenth Edition of Beed's En- 
gineer's Hand-book to the Board of Trade Examinationfi for First and 
Second Class Engineers and containing the working of all the ques- 
tions given in me examination papers. By W. H. Thorn. Svo^ 
doth $8.00 

TTsefol Hints to Sea-going Engineers, and How to 

Repair and Avoid "Break Dowds;" also Appendices Containing 
Boiler Explosions, XJsefnl FormoliB, etc. With 42 diagrams and 8 
plates. Third edition, revised and enlarged. 12mo, cloth. . . .$1.50 

Marine Boilers, A Treatise on the Causes and Pre- 
vention of their Priming, with Remarks on their Oeneral Manage- 
ment. Blnstrated. 12mo, cloth .$2.00 

BEINHABDT. CHAS. W. Lettering for Draftsmen, 

Engineers and Students. A Practical System of Free-hand Lettering 
for Working Drawings. Tenth thousand. Oblong, boards $1.00 

The Technic of Mechanical Drafting. A Practical 

Guide to neat, correct and legible drawing, containing many illustra- 
tions, diagrams and full-page plates. 4to, cloth, illustrated. . . $1.00 

BICE, J. M., and JOHNSON, W. W. On a New 

Method of obtaining the Differential of Functions, with especial 
reference to the Newtonian Conception of Bates or Velocities. 12mo, 
paper 50 

RIDEAL, SAMUEL, D. Sc. Qlue and Glue Testing, 

with figures and tables. 8vo, cloth, illustrated , net. $4.00 

BINGWALT, J. L. Development of Transportation 

Systems in the United States, Comprising a Comprehensive Descrip- 
tion of the leading features of advancement from the colonial era to 
the present time, in water channels, roads, turnpikes, canals, railways, 
vessels, vehicles, cars and locomotives ; the cost of transportation a 
various periods and places by the different methods ; the financial 
engineering, mechanical, governmental and popular questions that 
have arisen, and notable incidents in railway history, construction 
and operation. With illustrations of hundreds of typical objects. 
Quarto, half morocco $7.50 

BIPPEB, WIIiLIAM. A Course of Instruction in 

Machine Drawing and Design for Technical Schools and Engineer 
Students. With 52 plates and numerous explanatory engravings. 
Folio, cloth net, $6.00 

ROBERTSON, L. S. Water-tube Boilers. Based on 

a short course of Lectures delivered at University College, Lon- 
don. With upward of 170 illustrations and diagrams. 8vo, cloth, 
illustrated $3.00 

ROEBLINQ. J. A. Long and Short Span Railway 

Bridges. Illustrated with large copperplate engravings of plans and 
views. Imperial folio, cloth ^5.00 
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BOSE, JOSHTTA^.E. The Pattern-Makers' Assistant. 

Embracing Lathe Work, Branoh Work, Core Work, Sweep Work, and 
Practical dear Oonstructions, the Preparation and Use of Tools, 
togetiier with a large coUedion of nsefnl and valuable Tables* 
Ninth edition, lUnstrated with 250 engravings. 8vo, doth.. . .$2.50 

Key to Engines and Engine-running. A Practical 

Treatise upon the Management of Steam Engines and BoUers for 
the Use of Those who Desire to Pass an Examination to Take 
Charge of an Engine or Boiler. With numerous illustrations, and 
Instructions Upon Engineers' Calculations, Indicators, Diagrams, 
Engine Adjustments, and other Valuable Information necessary for 
Engineers and Firemen. 12mo, cloth $2.50 

SABINE, ROBEBT. History and Progress of the 

Electric Telegraph. With descriptions of some of the apparatus. 
Second edition^ with additions, 12mo, cloth $1.25 

SAELTZEB, ALEX. Treatise on Acoustics in connec- 
tion with Ventilation. 12mo, cloth $1.00 

SALOMONS, Sir DAVID, M. A. Electric-Light Instal- 
lations. A Practical Handbook. Eighth edition, revised and en- 
larged with numerous illustrations. Vol. I., The management of 

Accumulators. 12mo, cloth $1.50 

Vol. IL, Apparatus, 296 illustrations. 12mo., cloth $2.25 

Vol. m., Applications, 12mo., cloth $1.50 

SANFOBD, P. QERALD. Nitro-Explosives. A Prac- 
tical Treatise concerning the Properties, Manufacture and Analysis 
of Nitrated Substances, including the Fulminates, Smokeless Pow- 
ders and Celluloid. 8vo. cloth, 270 pages $3.00 

SAT7NDERS, CHARLES H. Handbook of Practical 

Mechanics for use in the Shop and Draughting Room ; containing 
tables, rules and formulas, and solutions of practical problems by 
simple and quick methods, 16mo, limp cloth $1.00 

SAUNNIER, CLAT7DIT7S. Watchmaker's Handbook. 

A Workshop Companion for those engaged in Watchmaking and 
allied Mechanical Arts. Translated by J. Trippiin and E. Bigg. 
Second edition, revised with appendix. 12mo, cloth $3.50 

SCHELLEN. Dr. H. Magneto-Electric and Dynamo- 
Electric Machines : their Construction aad Practical Application to 
Electric Lighting, and the Transmission of Power. Translated from 
the third German edition by N. S. Keith and Percy Neymann, Ph.D. 
With very large additions and notes relating to American Machines, by 
N. S. Keith. Vol. 1, with 353 illustrations. Second edition,. .$5.00 

SCHT7MANN, F. A Manual of Heating and Ventilation 

in its Practical Application, for the use of Engineers and Architects. 
Embracing a series of Tables and FormulsB for dimensions of heating, 
flow and return pipes for steam and hot- water boilers, flues, etc. r2mo, 
illustrated, full roan ^Ii50 
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SCIENCE SEBIES, The Van Nostrand. [See List, p. 46] 

SCRIBNEB, J. M. Engineers' and Mechanics' Com- 
panion. . Comprising United States Weights and Measures. Mensura- 
tion of Snperfioes and Solids, Tables of Squares and Cubes, Square 
and Cube Boots, Ciroumference and Areas of Circles, the Mechanical 
Powers, Centres of Gravity, Gravitation of Bodies, Pendulums, Spe- 
cifio Gravity of Bodies, Strength, Weight, and Crush of Materials, 
Water- Wheels, Hydrostatics, Hydraulics, Statics, Centres of Percus- 
sion and Gyration, Friction Heat, Tables of the Weight of Metals, 
Scantling, etc. , Steam and the Steam-Engine. Twenty-first edition^ 
revised, 16mo, full morocco Sl*50 

SEATON, A. E. A Manual of Marine Engineerii:^. 

Comprising the Designing, Construction and Working of Marine 
Machinery. With numerous tables and illustrations reduced from 
Working Drawings. Fourteenth edition, Bevised throughout, with 
an additional chapter on Water Tube Boilers. 8vo, cloth $6.00 

and ROTTNTHWAITE. H. M. A Pocketbook of Ma- 
rine Engineering Bules and Tables. For the use of M irine Engineers 
and Naval Architects, Designers, Draughtsmen, Superintendents, and 
all engaged in the design and construction of Marine Machinery, Naval 
and Mercantile. Fifth edition^ revised and enlarged. Pocket size. 
Leather, with diagrams $3.00 

SEWALIi, C. H. Wireless Telegraphy. With Diagrams 

and Figures In Press, 

SEXTON, A. HTTMBOIiDT. Fuel and Refractory Ma- 
terials. 8vo, cloth $2.00 

SEXTON, A. H. Chemistry of the Materials of Engi- 
neering ; a handbook for Engineering Students. With tables, dia- 
grams and illustrations. 12mo, cloth, illustrated $2.50 

SHAW, SIMEON. The History of the Staffordshire 

Potteries, and the Rise and Progress of the Manufacture of Pottery 
and Porcelain ; with references to genuine specimens, and notices of 
eminent potters. A re-issue of the original work published in 1829. 
8vo, cloth, illustrated \net, $3.00 

Chemistry of the Several Natural and Artificial 

Heterogeneous Compounds used in Manufacturing Porcelain, Glass 
and Pottery. Re-issued in its original form, published in 1837. 8vo, 
cloth $5.00 

SHELDON, Prof. S., Ph. D., and HOB ART, MASON, 

B. S. Dynamo Electric Machinery ; Its Construction, Design and 
Operation. Direct Current Machines. Second edition, 8vo, cloth, 
illustrated net, $2.50 

Alternating Current Machines ; being the second 

volume of the author's ** Dynamo Electric Machinery; its Construc- 
tion, Design, and Operation." Withmanv diagrams and figures. 
(Binding uniform with volume I.) 8vo, cloth, illustrated, .net^ $2.50 
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SHIELDS, J. E. Notes on Engineering Construction. 

Embracing Discussions of the Principles involved, and Descriptions 
of the Material employed in Tmmellmg, Bridging, Canal and Boad 
Building, etc. 12mo, cloth 81.50 

SHOCK, WM. H. Steam BoHers, Their Design, Con-, 

struction and Management. 4to, half morocco $15.00' 

SHRE VE, S. H. A Treatise on the Strength of Bridges 

and Boofs. Comprising the determination of Algebraic formulas for 
strains in Horizontal, Inclined or Bafter, Triangular, Bowstring, 
Lenticular, qaid other Trusses, from fixed and moving loads, with 
practical appKcations, and examples, for the use of Students and 
Engineers. 87 woodcut illus. Fourth edition. 8vo, cloth. . . .$3.50 

SHUNK, W. F. The Field Engineer. A Handy Book 

of practice in the Survey, Location, and Truck- work of Bailroads, con- 
taining a large collection of Bules and Tables, original and selected, 
applicable to both the Standard and Narrow Gauge, and prepared 
with special reference to the wants of the young Engineer. Fcmr- 
teenth edition, revised and enlarged. 12mo, morocco, tucks.. . .$2.50 

SIMMS, F. W. A Treatise on the Principles and Prac- 
tice of Levelling. Showing its application to purposes of Bailway 
Engineering, and the Construction of Boads, etc. Bevised and cor- 
rected, with the addition of Mr. Laws' Practical Examples for setting 
out Bailway Curves. Illustrated. 8vo, cloth, $2.50 

SIMMS, W. F. Practical Tunnelling. Fourth edition, 

revised and greatly extended. With additional chapters illustrating 
recent practice by D. Kinnear Clark. With 36 plates and other illus- 
trations. Imperial 8vo, cloth $12.00 

SLATEB, J. W. Sewage Treatment, Purification, and 

Utilization, A Practical Manual for the Use of Corporations, Local 
Boards, Medical Officers of Health, Inspectors of Nuisances, Chem- 
ists, Manufacturers, Biparian Owners, Engineers, and Bate-payers. 
12mo, cloth $2.26 

SMITH, ISAAC W.. C.E. The Theory of Deflections 

and of Latitudes and Departures. With special applications to 
Curvilinear Surveys, for Alignments of Bailway Tracks. Illustrated. 
16mo, morocco, tucks $3.00 

SMITH, J. CBTTICKSHANK. Manufacture of Paint; 

A practical Handbook for Paint Manufacturers, Merchants and Paint- 
ers. With 60 illustrations and one large diagram. 8vo, cloth, illus- 
trated net $3.00 

SNEIiL, ALBION T. Electric Motive Power: The 

Transmission and Distribution of Electric Power by Continuous and 
Alternate Currents. With a Section on the Applications of Electricity 
to Mining Work. Second edition, 8vo, cloth, illustrated $4.00 
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SPANG, HENRT W. A Practical Treatise on Ldght- 

ning Protection. With figures and diagrams. 12nio, oloth $1.00 

SPETERS, CLARENCE L. Text Book of Physical 

Chemistry. 8vo, oloth $2.25 

STAHTj, a. W., and A. T. WOODS. Elementary Me- 
chanism. A Text-Book for Students of Mechanical Engineering. 
Tenth edition, enlarged, 12mo, cloth $2.00 

STAIiET, CADT, and PIERSON, GEO. S. The Separ- 
ate System of Sewerage : its Theory and Construction. Third edi- 
tion, revised. With maps, plates and illustrations. 8yo, cloth. .$8.00 

STANDAGE, H. C. Lieatherworkers' Manual : bein^g: a 

Compendium of Practical Becipes and Working FormulsB for Curriers, 
Boot-makers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers, and all persons engaged in the manipulation 
of leather. 8vo, cloth net, $3.50 

STEVENSON, DAVID, F.R.S.N. The Principles and 

Practice of Canal and Biver Engineering. Bevised by his sons David 
Alan Stevenson, B. Sc., F.B.S.E., and Charles Alexander Stevenson, 
B. Sc., F.B.S.E., Civil Engineer. Third edition, with 11 plates, 
8vo, cloth $10.00 

The Design and Construction of Harbors. A Treat- 
ise on Maritime Engineering. Third edition, with 24 plates, 8vo, 
cloth $9.00 

STEWABT, R. W. A Text Book of Light. Adapted 

to the Bequirements of the Intermediate Science and Preliminary 
Scientific Examinations of the University of London, and also for 
General Use. Numerous Diagrams and Examples. 12mo, cloth, $1.00 

A Text Book of Heat. Illustrated. 8vo, cloth... .$1.00 

A Text-Book of Magnetism and Electricity. 

160 illus. and Numerous Examples. 12mo, cloth $1.00 

An Elementary Text-book of Magnetism and 

Electricity. With numerous figures and diagrams. 12mo, cloth $1.00 

STONE, ROT, GENERAIi. New Roads and Road 

Laws in the United States. 200 pages, with numerous illustrations. 
12mo, cloth $1.00 

STIIiES, AMOS. Tables for Field Engineers. Designed 

for use in the field. Tables containing all the functions of a one 
degree curve, from which a corresponding one can be found for any 
required degree. Also, Tables of Natural Sines and Tangents. 12mo. 
morocco, tucks $2«00 

STILLMAN, PAUIi. Steam-Engine Indicator and the 

Improved Manometer Steam and Vacuum Gauges ; their Utility and 
Application. New edition, 12mo, flexible cloth $1.00 
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STONBY, B. D. The Theory of Stresses in Girders 

and Similar Structures. With observations on the application of 
Theory to Practice, and Tables of Strength, and other properties of 
Materials. New revised edition, with numerous additions on Graphic 
Statics, Pillars, Steel, Wind Pressure, Oscillating Stresses, Working 
Loads, Riveting, Strength and Tests of Materials. 777 pages, 143 il- 
lustrations, and 5 folding plates. 8vo, cloth $12.50 

STUART, C. B. U. S. N. Lives and Works of Civil 

and Military Engineers of America. With 10 steel-plate engravings. 
8vo, cloth $5.00 

The Naval Dry Docks of the United States. 

Illustrated with 24 fine Engravings on Steel. Fourth edition. 4to, 
cloth $6.00 

SXTPPLINGk B. R. Treatise on the Art of Glass 

Painting. Prefaced with a review of ancient glass. 8vo, cloth, il- 
lustrated nety $3.50 

SWEET, S. H. Special Report on Coal, showing its 

Distribution, Classification, and Costs delivered over different routes 
to various points in the State of New York and the principal cities on 
the Atlantic Coast. With maps. 8vo, cloth $3.00 

SWINTON, ALAN A. CAMPBELL. The Elementary 

Principle of Electric Lighting. Illustrated. 12mo, cloth 60 

SWOOPE, C. WALTON. Practical Lessons in Elec- 
tricity ; Principles, Experiments and Arithmetical Problems. An 
Elementary Text-Book. With numerous tables, formulae and two 
large instruction plates. 8vo, cloth, illustrated. Third edition. 
net, $2.00 

TAILFER, L. Practical Treatise on the Bleaching of 

Linen and Cotton Yarn and Fabrics. With tables and diagrams. 
Translated from the French by John Geddes Mcintosh. 8vo, cloth, 
illustrated $5,00 

TEMPLETON, WM. The Practical Mechanic's Work- 
shop Companion. Comprising a great variety of the most usieful 
rules and formulsB in Mechanical Science, with numerous tables of 
practical data and calculated results facilitating mechanical operations. 
Revised and enlarged by W. S. Hutton. 12mo, morocco $2.00 

THOM, CHAS., and WILLIS H. JONES. Telegraphic 

Connections: embracing Becent Methods in Quadruplex Telegraphy. 
20 full page plates, some colored. Oblong, 8vo, cloth $1.50 

THOMPSON, EDWARD P., M. E. How to Make In- 
ventions ; or. Inventing as a Science and an Art. A Practical Guide 
for Inventors. Second edition. 8vo, boards $1.00 
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THOMPSON, EDWARD P., M. E. Roentgen Rays 

and Phenomena of the Anode and Cathode. Principles, Applications 
and Theories. For Students, Teachers, Physicians, Photographers, 
Electricians and others. Assisted by Louis M. Pignolet, N. D. C. 
Hodges, and Ludwig Gutmann, E. E. With a Chapter on Generali- 
zations, Arguments, Theories, Kindred Eadiations and Phenomena. 
By Professor Wm. Anthony. 50 Diagrams, 40 Half-tones. 8yo, 
cloth $1.50 

THORNLET, T. Cotton Combing Machines. With 

numerous tables, engravings and diagrams. 8yo, cloth, illustrated. 

343 pages $3.00 

Contents. — ^Preface, List of Illustrations; The Silver Lap Ma- 
chine ; Bibbon Lap Machine and Draw-Frame ; General Description 
of the Heilmann Comber ; The Cam Shaft ; The Detaching and At- 
taching Mechanism of the Comber ; The Duplex Comber ; Be-setting 
of Combers ; The erection of a Heilmann Comber ; Stop Motions ; 
Various Calculations ; Various Notes and Discussions ; Cotton Comb- 
ing Machines of Continental Make ; Lidex. 

TODD, JOHN and W. B. WHALL. Practical Seaman- 
ship for Use in the Merchant Service : Including all ordinary sub- 
jects ; also Steam Seamanship, Wreck Lifting, Avoiding Collision, 
Wire Splicing, Displacement, and everything necessary to be known 
by seamen of the present day. Second edition^ with 247 illustrations 
and diagrams. 8vo, cloth $8.40 

TOOTHED GEABING. A Practical Hand-Book for 

Offices and Workshops. By a Foreman Patternmaker. 184 Illustra- 
tions. 12mo, cloth ]E2.25 

TRATMAN, E. E. RUSSELL. Railway Track and 

Track-Work. With over two hundred illustrations. 8vo, cloth. $3. 00 

TRAVERSE TABLES, showing the difference of Lati- 
tude and Departure for distances between 1 and 100, and for angles to 
quarter degrees between 1 degree and 90 degrees. Ee-printed from 
Scribner*s Pocket Table Book. 16mo, boards. {Van Nostrand's 
Science Series. No. 115) In press. 

TRE VERT, EDWARD. How to build Dynamo-Electric 

Machinery, embracing Theory Designing and Construction of Dy- 
namos and Motors. With appendices on Field Magnet and Armature 
Winding, Management of Dynamos and Motors, and Useful Tables of 
Wire Gauges. Illustrated. 8vo, cloth $2.50 

Electricity and its Recent Applications. A Practi- 
cal Treatise for Students and Amateurs, with an Illustrated Dictionary 
of Electrical Terms and Phrases. Illustrated. 12mo, cloth..$2.00 

TUCKER, Dr. J. H. A Manual of Sugar Analysis, in- 
cluding the Applications in General of Analytical Methods to the 
Sugar Industry. With an Introduction on the Chemistry of Cane 
Sugar, Dextrose, Levulose, and Milk Sugar. 8vo, cloth, illus- 
trated ; $3.50 
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TTTMLIRZ, Dr. O. Potential and its Application to 

the Explanation of Electric Phenomena, Popularly Treated. Trans- 
lated from the German by D. Bobertson. lU. i2mo, cloth $1.25 

TUNNER, P. A. Treatise on Roll-Turning for the 

Manufacture of Iron. Translated and adapted by John B. Pearse, of 
the Pennsylvania Steel Works, with numerous engravings, woodcuts. 
8vo, cloth, with folio atlas of plates $10.00 

XTRaXTHART, J. W. Electric Light Pitting. Embody- 
ing Practical Notes on Installation Management. A Hand-book for 
Working Electrical Engineers. With numerous illustrations. 12mo, 
cloth $2. 00 

Electro-Plating. A Practical Hand Book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass, Aluminium, Plat- 
ininum, etc. Third edition. 12mo $2.00 

Electrotyping ; A Practical Manual forming a New 

and Systematic Guide to the Beproduction and Multiplication of 
Printing Surfaces, etc. 12mo $2.00 

XJRQXJH ART, J. W. Dynamo Construction : a Practi- 
cal Hand-Book for the Use of Engineer Constructors and Electricians 
in Charge, embracing Frame Work Building, Field Magnet and Arm- 
ature Winding and Grouping, Compounding, etc., with Examples of 
Leading English, American and Continental Dynamos and Motors, 
with numerous illustrations. 12mo, cloth. $3.00 

Electric Ship Lighting. A Hand-Book on the 

Practical Fitting and Bunning of Ship's Electrical Plant. For the Use 
of Ship Owners and Builders, Marine Electricians and Sea Gtoing 
Engineers- in-Charge. Numerous illustrations. 12mo, cloth $3.00 

UNIVERSAL TELEGRAPH CIPHER CODE. Ar- 
ranged for General Correspondence. 12mo, cloth $1.00 

VAN NOSTRAND'S Engineering Magazine. Com- 
plete sets, 1869 to 1 886 inclusive. 
Complete sets, 35 vols. , in cloth -. $60.00 

Complete sets, 35 vols. , in half morocco 100.00 

VAN WAGENEN, T. P. Manual of HydrauUc Mining. 

For the Use of the Practical Miner. Beviaed and enlarged edition, 
18mo, cloth $1.00 

VILLON, A. M. Practical Treatise on the Leather 

Industry. With manv tables and illustrations and a copious index. 
A translation of Villon's ** Traite Pratique de la Fabrication des 
Cuirs et du Travail des Peaux," by Frank T. Addyman, B. Sc. 8vo, 
cloth, illustrated $10.00 

VINCENT, CAMILLE. Ammonia and its Com- 
pounds ; their Manufacture and Uses. Translated from the French 
by M. J. Slater. 8vo, cloth, illustrated net, $2.00 
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VON GEOSGIEVICS, GEOSG. Chemical Technology 

of Textile Fibres ; Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing, and Dressing. Translated from the 
German by Charles Salter. With many diagrams and figures. 8yo, 
cloth, illustrated. 306 pages 1M:.50 

Contents, — The Textile Fibres ; Washing, Bleaching and Carbon- 
izing ; Mordants and Mordanting ; Dyeing, Printing, Dressing and 
Finishing; Index. 

WALKER, W. H. Screw Propulsion. Notes on Screw 

Propulsion, its Eise and History. 8vo, cloth 75 

WALKER, S7DNET F. Electrical Engineering- in 

Our Homes and Workshops. A Practical Treatise on Auxiliary Mec- 
trical Apparatus. Third edition, revised, with numerous illustra- 
tions $2.00 

Electric Lighting for Marine Engineers, or How to 

Light a Ship hj the Electric Light and How to Keep the Apparatus 
in Order. 103 illustrations. Svo, cloth. Second edition $2.00 

WALLIS-TAYLER, A. J. Modem Cycles, A Practi- 
cal Handbook on Their Construction and Bepair. With 300 illustra- 
tions. Svo, cloth $4.00 

Motor Cars, or Power Carriages for Common 

Boads. With numerous illustrations. Svo, doth $1.S0 

Bearings and Lubrication. A Handbook for every 

user of Machinery. Fully illustrated. Svo, cloth $1.50 

Refrigerating and Ice-Making Machinery. A 

Descriptive Treatise for the use of persons employing refrigerating 
and ice-making installations and others. Svo, cloth, illustrated.. $3.00 

-^ — Refrigeration and Cold Storage ; being a complete 

practical treatise on the art and science of refrigeration. 600 pp., 
361 diagrams and figures. Svo, cloth, illustrated net, $4.50 

Sugar Machinery. A Descriptive Treatise, devoted 

to the Machinery and Apparatus used in the Manufacture of Cane 
and Beet Sugars. 12mo, cloth, ill $2.00 

WANKliTN, J. A. A Practical Treatise on the Exam- 
ination of Milk and its Derivatives, Cream, Butter, and Cheese. 
12mo, cloth $1.00 

Water Analysis. A Practical Treatise on the Ex- 
amination of Potable Water. Tenth edition, 12mo, cloth. . . . .$2.00 

WANSBROUGH, WM. D. The A. B. C. of the Differ- 
ential Calculus. 12mo, cloth $1.50 

WARD, J. H. Steam for the Million. A Popular Treat- 
ise on Bteam, and its application to the Useful Arts, especially to 
Navigation. Svo, cloth $1.00 
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WABING. GEO. E., Jr. Sewerage and Land Drainage. 

Blustrated with wood-cuts in the text, and full-page and foldmg 
plates. Quarto. Cloth. Third edition $6.00 

Modem Methods of Sewage Disposal for Towns, 

Public Institutions and Isolated Houses. Second edition, revised 
and enlarged, 260 pages. Illustrated, cloth $2.00 

How to Drain a House. Practical Information for 

Householders. Third edition enlarged. 12mo, cloth $1.25 

WATSON, E. P. Small Engines and Boilers. A man- 
ual of Concise and Specific Directions for the Construction of Small 
Steam Engines and Boilers of Modern Types from five Horse-power 
down to model sizes. Illustrated with Ivumerous Diagrams and Half 
Tone Cuts. 12mo, cloth $1.25 

WATT, ALEXANDER. Electro-Deposition. A Prac- 
tical Treatise on the Electrolysis of Cold, SHver, Copper, Nickel, and 
other Metals, with Descriptions of Voltaic Batteries, Magneto and 
Dynamo-Electric Machines, Thermopiles, and of the Materials and 
Processes used in every Department of the Art, and several chapters 
on Electro-Metallurgy. With numerous illustrations. Third edition, 
revised and corrected. New and enlarged edition In Press, 

Electro-Metallnrgy Practically Treated. Eleventh 

edition, considerably enlarged, 12mo, cloth $1.00 

The Art of Soap-Making. A Practical Handbook 

of the Manufacture of Hard and Soft Soaps, Toilet Soaps, &c. In- 
cluding many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Lyes. With illustrations. Fi/fth edition, 
revised and enlarged, 8vo, cloth... $3.00 

WATT, ALEXANDER. Tlie Art of Leather Manufact- 
ure. Being a Practical Handbook, in which the Operations of Tan- 
ning, Currying, and Leather Dressing are Fully Described, and the 
Principles of Tanning Explained, and many Becent Processes Intro- 
duced. With numerous illustrations. Second edition, 8vo, cl.$4:.00 

WEALE, JOHN. A Dictionary of Terms Used in 

Architecture, Building, Engineering, Mining, Metallurgy, Archaelo^, 
the Fine Arts, etc., with explanatory observations connected with 
applied Science and Art. Ififth edition, revised and corrected, 
12mo, cloth $2.50 

WEBB, HERBERT LAWS. A Practical Qnide to 

the Testing of Insulated Wires and Cables. Illustrated. 12mo, 
cloth $1.00 

The Telephone Hand Book. 128 illastrations. 146 

pages. 16mo., clotii $1.00 

WEEEES, S. W. The Design of Alternate Current 

Transformers. Illustrated. 12mo, cloth $1.00 



L 



44 



D. VAN NOSTRAND COMPANY'S 



WEISBACH, JTJIjIXTS. A Manual of Theoretical 

MeobanioB. Ninth Amerioan edition. Translated from the fourth 
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